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ABSTEU^CT

The sedimentary rocks of the early to middle Eocene Blue Mountain
unit compose the stratigrajiiic base of the otherwise predominantly
basaltic Crescent Formation in the Olynpic Peninsula, Washington.

In the

study area, primarily in northeastern portions of the Olympic Peninsula,
the Blue Mountain unit consists of two distinct petrofacies, one a
plagioclase-rich feldspathic arenite, the other a chert-rich lithic
arenite.

A third petrofacies is a feldspathic-lithic arenite and is a

petrologic combination of the two distinct petrofacies.

The source areas

for the plagioclase-rich and chert-rich petrofacies are interpreted to be
the Coast Plutonic Complex and San Jxian Islands, respectively.

The source

area for the feldspathic-lithic arenite is interpreted to be a combination
of the Coast Plutonic Complex and the San Juan Islands.
Limited sedimentologic data suggest that the Blue Mountain unit
represents a sukxnarine fan.

Together, the Blue Mountain unit and basalt

of the Crescent Formation compose the base of the Crescent terrane as
exposed in the Olynpic Peninsula.

The Blue Mountain unit-basalt contact

is depositional, and therefore the base of the Crescent terrane in this
locality consists of continentally-derived sedimentary rocks.

This

relationship requires the basalt of the Crescent terrane to have
originated near a continental landmass, probably North America.
Furthermore, paleonagnetic data shew that the Crescent terrane and the
correlative Siletz terrane in Oregon have not undergone significant
poleward displacement.
Relative plate motions indicate that the Kula and FatalIon plates
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were moving rapidly both poleward and perpendicular to the North American
plate in the early Paleogene.

Although uncertainties are large, the

presence of interbedded continentally-derived sedimentary rocks, including
the Blue Mountain unit, and the lack of poleward displacement suggest that
the Crescent and Siletz terranes did not originate on the Kula or Farallon
plates.

Instead, the terranes pr<±)ably formed inboard of the Kula-

FaralIon-North American plate boundary, in sane type of marginal basin.
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lOTRDDUCTIOJ

The Blue Mountain unit is an informal name given by Tabor and Cady
(1978a) to lower and middle Eocene sandstone, argillite, and conglomerate
that interfinger with and xanderlie basalt of the lower to middle Eocene
Crescent Formation in the Olympic Peninsula, Washington (Figxore 1).
Previous workers have determined that the contact between the Blue
Mountain unit and basalt of the Crescent Formation is depositional in part
(Cady and others, 1972a; 1972b; Tabor and others, 1972; Tabor and Cady,
1978a).

In this stuc^, the contact was determined to be depositional, but

locally later deformation has led to faulting along the contact.

Because

of the depositional relationship between the Blue Mountain unit and basalt
of the Crescent Formation, Tabor and Cady (1978a) considered the Blue
Mountain unit to be part of the Crescent Formation.
The Blue Mountain unit is the stratigraphically lowest exposed
portion of the Oregon-Washington Coast Range, which extends from the
Klamath Mountains in Oregon to the southern tip of Vancouver Island
(Figure 2, pattern 4).

The Oregon-Washington Coast Range consists of a

thick, primarily basaltic basement sequence of upper Paleocene to middle
Eocene volcanic rocks.

The basaltic basement generally underlies but in

places overlies and interfingers with marine and deltaic sedimentary rocks
(Snavely and Wagner, 1963; see Figure 3).

The Oregon-Washington Coast

Range consists of two terranes, the Crescent terrane of southern Vancouver
Island and Washington, and the Siletz terrane of Oregon.
On the basis of 40 point-counts, in the study area (Figure 1) the
Blue

Mountain

unit consists of

three

petrofacies:

a

plagioclase-rich

feldspathic arenite, a chert-rich lithic arenite, and a feldspathic-lithic

1

Figure 1,

Geologic map of the Olympic Peninsula.
Cady. 1975.

2

Modified from

Figure 2.

Regional geologic map of the Pacific Northwest.

1, Coastal

Mesozoic Belt; 2, Western Klamath terrane; 3, Coast Plutonic
Complex; 4, Oregon-Washington Coast Range, solid black
indicates exposure of basaltic basement; 5, Northwest
Cascades System; 6, Cascade Crystalline Core; 7, Cascade
Range; 8, Hozameen terrane; 9, Methow Basin; 10, Wrangellia;
11, Naniamo Group.

Modified from Roddick and others, 1979;

Wells and others, 1984.
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Oregon-Washington Coast Range.

Modified
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arenite,
The

vAiich

petrofacies

is a petrologic ccxnbination of the first two petrofacies.
can

be

distingiaished by

relative

petrofacies

do

area.

Coast Plutonic Conplex (Fig\are 2) is interpreted to have been

area

of

The

three

the

stuc^

not form distinct geographic provinces within

high

to

moderate relief and

plagioclase-rich petrofacies.
the

chert).

of

and

an

(primarily

abundances

plagioclase

The

polycrystalline quartz

the

to

be

the

source

for

the

The Northwest Cascades System, specifically

San Juan Islands (Figure 2),

is interpreted to have been an area

of

low relief and to be the source for the chert-rich petrofacies.
The Blue Mountain unit in the study area is characterized by, in
decreasing abundance, turbidites, massive sandstone, massive siltstone,
pebbly sandstone, and conglomerate.

Sedimentary structures were rarely

observed, but the Blue Mountain unit most likely represents a sutmarine
fan.

The predominance of turbidites and massive sandstone suggests that

the primary depositional environment was interchannel and channelized
portions of a middle fan setting.

The presence of conglomerate and pebbly

sandstone in the northeast Olynpic Peninsula, combined with northeast to
southwest current directions for this area reported by Snavely and Wagner
(1963), suggest that the Blue Mountain unit was derived from North
America.
The Crescent and Siletz terrenes have recently been interpreted to
have originated on the Kula or Farallon plates in the late Paleocene to
middle Eocene, and to have been subsequently accreted to North America in
the middle Eocene (Simpson and Cox, 1977; Magill and others, 1981).
However, plate kinematic constraints suggest that the Crescent and Siletz
terranes did not form on the Kula or Farallon plates.

The Kula and

Farallon plates were probably moving rapidly both poleward and
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perpendicular to the North American plate during the early Paleogene
(Engebretson and others, 1985).

If the Crescent and Siletz terranes

originated on the Kula or Farallon plates, the terranes would have been
required to move with the oceanic plates.

The terranes would therefore be

expected to have undergone significant amounts of poleward displacement
that should be detectable paleomagnetically.

However, high quality

paleomagnetic studies indicate that the Crescent and Siletz terranes have
not undergone significant poleward displacement (summarized in MaGill and
others, 1981; Beck, 1984).

Modeled poleward displacements range from 75

kiloneters to 3000 kilaneters, depending on host plate, time of accretion,
and time of origin.

Furthermore, the Crescent and Siletz terranes are

interbedded with continentally-derived sedimentary rocks (Baldwin, 1974;
Tabor and Cady, 1978a; Wells and Coe, 1985; this stuc^), >hich implies
that the terranes originated near to North America (Cady, 1975).

However,

modeled great circle distances from North America range from 75 kilometers
to 2300 kilometers at the time the terranes originated on the Kula or
Farallon plate.

Therefore, although uncertainties are large and much

remains to be known, I favor sane sort of marginal basin origin for the
Crescent and Siletz terranes, inboard of the Kula-FaralIon-North American
plate boundary.

7

RBGiaWL GEaLOGY: ORBQON-WASHINGTCN COAST RANGE

Introduction

Hie Tertiary Oregon-Washington Coast Range (CXCR) extends from the
Klamath Mountains in Oregon to the southern tip of Vancouver Island
(Figure 2).

The 0W2R consists of a thick, primarily volcanic basement

sequence of upper Paleocene to middle Eocene (Duncan, 1982) basaltic rocks
viiich generally underlie, but in places overlie and interfinger with,
marine sedimentary rocks (Snavely and Wagner, 1963; see Figure 3).

The

basaltic basement of the OWCR consists of the Metchosin Foinnation in
southern Vancouver Island, the Crescent Formation in Washington, and the
Siletz River Volcanics and Roseburg Formation in Oregon.

The Metchosin

Formation and Crescent Formation compose the Crescent terrane, while the
Siletz River Volcanics and Roseburg Formation cornpose the Siletz terrane
(Silberling and Jones, 1984).

The Pranethesus Volcanics off the west

coast of Vancouver Island are considered to be equivalent to the Crescent
and Metchosin Formations (Shouldice, 1971; MacLeod and others, 1977;
Brandon, 1985a) and therefore are part of the Crescent terrane.
The basonent basalts of the OWCR are considered to be correlative.
They generally consist of submarine pillow basalt, basaltic breccia,
massive sheet flows, diabasic dikes and sills, and associated basaltic
sediments and pyroclastic rocks ^lich in places grade upwards to subaerial
massive and columnar-jointed flows (Snavely and Baldwin, 1948; Hoover,
1963; Baldwin, 1965; Snavely and others, 1968; Baldwin, 1974; Cady, 1975;
Muller, 1980; Massey, 1986).

Except in the Metchosin Formation, vdiere

gabbro and sheeted dikes are exposed (Massey, 1986), and on the Kitsap
Peninsula of Washington, where gabbro and (sheeted?) dike conplexes are
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ejqxDsed (K. Clark, oral ccxnmunication, 1987; thesis in progress), the
Plutonic equivalent (magna-chantoers and feeder systems) for the extensive
volcanic basement of the OWZR is not observed (Massey, 1986).
Although the precise thickness of the basaltic basement rocks is
unknown, Snavely and others (1968) estimated the thickness of the Siletz
River Volcanics to be 10,000 feet (approximately 3 km) to more than 20,000
feet (6 km) near former volcanic centers and, based on the seismic stuc^
of Berg and others (1966), suggested that the Siletz River Volcanics may
be as much as 10 km thick.

How much of this 10 km figure actually

represents crustal volcanic material is unknown, but sutsrarine and
sx±>aerial basalt of the Crescent Formation over 15 km thick has been
mapped on the east side of the Olympic Peninsula (Tabor and Cady, 1978a).
It has not yet been determined if the anomalous thickness of the volcanic
basement of the CWCR is due to tremendous outpourings of basalt,
structural thickening, or both.
Geochemically, the basalts have been described as generally
tholeiitic and similar to MORE basalt in lower stratigraphic sections, and
tholeiitic to alkalic and similar to ocean-island or spreading centerisland basalt in upper stratigraphic sections (Snavely and others, 1968;
Glassley, 1974; Cady, 1975; Muller, 1980).

More recent work by Nick

Massey (written communication, 1986) suggests that the basement basalt of
the CWCR is characterized by a more complex petrochemistry than previously
recognized.

Massey's interpretation of new and recalculated v^ole-rock

and trace element geochemistry is that some basement basalts in the CWCR
have island-arc, calc-alkaline, and continental affinities, as well as
MORE, ocean-island, and spreading center-island affinities.

Based on the

variable petrochemistry, Brandon and Massey (1985) proposed that the
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Crescent and Siletz terranes may have formed in a marginal basin (see
TBCTCNICS).

Alternatively, geochemical data from the Crescent Formation

of the Olynpic Peninsula and Kitsap Peninsula suggest that the basalt is a
plume-enriched MOPE (K. Clark, oral communication; thesis in progress).
Paleomagnetically, the CWCR is generally characterized by variable
degrees of clockwise rotation and a lack of poleward displacement
(summarized in Beck, 1980; 1984; Magill and others, 1981; wells, 1984;
Gromme and others,- 1986).

The first widely recognized paleomagnetic

evidence supporting tectonic rotation of the CWCR is that of Simpson and
Cox (1977).

Many other paleomagnetic studies in the CWCR followed (Beck

and Plumley, 1980; Magill and others, 1981; Beck and Engebretson, 1982;
Globerman and others, 1982; Wells and Coe, 1985; Wells and Kelly, 1985;
Moyer, 1985; J. Purdy, thesis in progress).

These studies have shown that

the upper Paleocene to middle Eocene Roseburg Formation and Siletz River
Volcanics have undergone up to 78 degrees of clockwise rotation, vdiile
successively younger rocks of the Oregon Coast Range have undergone lesser
rotation, prompting the suggestion that the Oregon Coast Range has rotated
through time as a single coherent block (Simpson and Cox, 1977; Beck and
Plumley, 1980).

Rotation in the Washington Coast Range appears to be more

complex, with the amoimt of rotation being generally less than that
observed in similarly aged rocks in the Oregon Coast Range, and with the
amount of rotation unrelated to the age of the unit studied (Beck and
Plumley, 1980; Wells and Coe, 1985).

Wells and Coe (1985) showed that, in

the Willipa Hills of southwest Washington, clockwise rotation in the
Crescent terrane has ocojrred in relatively small, fault-bounded and
structiirally controlled domains (small-block rotation), prc±>ably as the
result of regional right-lateral shear.
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Small-block rotation of the

Crescent terrane and younger rocks is also suggested by non-systematic
rotations observed in other paleomagnetic studies in the Washington Coast
Range (Globerman and others, 1982; Beck and Engebretson, 1982; Moyer,
1985; J. Purdy, thesis in progress); and in fact, counter-clockwise
rotation has been observed in the Metchosin Formation (Symons, 1973), in
the northern Olympic Peninsula (Moyer, 1985), and in rocks probably
correlative to the Crescent Formation near Port Townsend (Beck and
Engebretson, 1982).
Beck and Plumley (1980) argued that the Oregon Coast Range had
reacted differently to tectonic stresses than had the Washington Coast
Range; that is, the Oregon Coast Range had rotated as a single coherent
block, while the Washington Coast Range had rotated as chaotic small
blocks.

Beck and Plumley (1980) suggested that a major structural

discontinuity exists at the latitude of the Columbia River.

Thus,

primarily based on paleonagnetic evidence, the basaltic basement of the
CWCR has been divided into two terranes, the Siletz terrane of Oregon and
the Crescent terrane of Washington.

However, recent work suggests the

possibility of small block rotations in the Oregon Coast Range (Vfells,
1984; Wells and Coe, 1985; R.E. Wells, oral ccMnmunication, 1987), casting
scxne doubt on the rotation of the Oregon Coast Range as a single coherent
block.

Future work combining detailed structxaral and paleomagnetic

studies may show that, like the Washington Coast Range, the Oregon Coast
Range has undergone small-block rotation (Wells, 1984; M.E. Beck, oral
communication, 1986).
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The Oregon Coast Range

The Siletz terrane consists of the Roseburg Formation in the southern
Oregon Coast Range and the Siletz River Volcanics in the central and
northern Oregon Coast Range.

The Roseburg Formation is late Pal eocene to

early Eocene (Baldwin, 1974; Duncan, 1982) and consists of pillow basalt,
basaltic breccia, basaltic sediments and minor subaerial flows.

The

basalt generally-underlies, but locally interfingers with, marine
sedimentary rocks that are considered to be part of the Roseburg Formation
(Baldwin, 1965; 1974).

The sedimentary rocks of the Roseburg Formation

are continentally-derived (Baldwin, 1974, p.34; R.E. Wells, oral
coimiunication, 1987).

Heller and I^berg (1983) include sediments of the

Roseburg Formation in their lithic petrofacies, vhich they suggested had a
Klamath Mountains provenance.

Baldwin (1974) described sedimentary rocks

containing lithic fragments of local derivation in very rare exposures of
vdiat he considered to be basal Roseburg Formation, and Baldwin and Perttu
(1980) pointed out the presence of blocks of blueschist and greenstone in
Roseburg sediments.

Furthermore, Baldwin and Beaulieu (1973), Baldwin

(1974), and Baldwin and Perttu (1980) suggested that sedimentary rocks may
compose the stratigraphic base of the Roseburg Formation and may
depositionally overlie pre-Tertiary rocks of the Dothan Formation, but
they could not rule out the possibility of a fault contact between the
Dothan and Roseburg Formations.

Heller and F^berg (1983) considered the

sedimentary rocks of the Roseburg Formation to be a siabmarine fan but
inply that the sediments and basalt of the Roseburg do not interfinger, as
they place an unconformity between the basalt and overlying Roseburg
sedimentary rocks (Heller and Ryberg, 1983, Figure 3; Heller and others,
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1985, Figure 2).

Thias, the question of v^ether or not the sedimentary

rocks and basalt of the Roseburg Formation interfinger apparently remains
xinresolved.
In the late early Eocene, the Roseburg Formation underwent intense
faulting and folding about northeast-trending fold axes that verge
northwest {uncoirrected for rotation) before being overlain by the
Lookingglass Formation, v^ich has undergone considerably less deformation
(Baldwin, 1974; Perttu and Benson, 1980; Ryberg, 1985; Wells and Kelly,
1985).

The upper lower Eocene Lookingglass Formation unconformably

overlies the Roseburg Formation and pre-Tertiary terranes of the Klamath
Mountains, and it is in turn overlain by the lower middle Eocene Flournoy
Formation, vdiich also laps onto Klamath terranes (Baldwin and Beaulieu,
1973; Baldwin, 1974; Heller and I^berg, 1983).

The Lookingglass and

Floximoy Formations are primarily derived from terranes of the Klamath
Mountains and in part from the Roseburg Formation (Peterman and others,
1981; Heller and Ryberg, 1983).

The Lookingglass and Flournoy formations

consist of delta, fan-delta, and shelf facies that grade north to deeperwater slope and outer slope facies (Heller and Ryberg, 1983).
Overlying the Flournoy Formation is the middle Eocene Tyee Formation
(Lovell, 1969).

The Tyee Formation has been interpreted to have been

derived frcxn terranes of the Klamath Mountains, primarily based on northdirected current indicators,

(Dott, 1966; Baldwin, 1974).

More recent

work, based in large part on the isotopic composition of selected grain
types in the Tyee Formation, has shown that Jura-Cretaceous rocks to the
east, probably the Idaho Batholith, acted as primary source for the Tyee
Formation (Heller, 1983; Heller and I^berg, 1983; Heller and others,
1985).

The Tyee Formation consists of deltaic facies that grade north to
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submarine fan facies (Heller and Ryberg, 1983).
Overlying the Tyee Formation are upper Eocene and higher deltaic to
slope and outer shelf facies that were primarily derived from the Cascade
Range (Dott, 1966; Baldwin, 1974; Heller and Ryburg, 1983).
In the central Oregon Coast Range, the Siletz terrane consists of the
Siletz River Volcanics.

The lower to middle Eocene Siletz River Volcanics

consist of pillow basalt and basaltic breccia interbedded with minor
basaltic sedimentary rocks and lesser subaerial flows (Baldwin, 1947;
Snavely and Baldwin, 1948; Snavely and others, 1968).

In places, the

Kings Valley Siltstone Member, primarily a waterlaid basaltic tuff thought
to be associated with late-stage explosive eruptions of the Siletz River
Volcanics, interfingers with and overlies basalt of the Siletz River
Volcanics,

(Snavely and others, 1968).

The Siletz River Volcanics and Kings Valley Siltstone Member are
overlain by either the Flournoy or Tyee Formations (compare Baldwin, 1976,
Figure 1.6 and Snavely and others, 1980, Figure 3).

Whichever the proper

formational name, the rocks overlying the Siletz River Volcanics are
continentally-derived marine sedimentary rocks, and are northern, deeperwater equivalents of those units that overlie the Roseburg Formation.

As

in the southern Oregon Coast Range, younger sedimentary rocks derived
primarily from the Cascade Range overlie the Tyee-Flournoy Formation, but
also included in the overlying section are the basalt and andesitic basalt
of the largely subaerial upper Eocene Yachats Basalt (Snavely and MacLeod,
1974) and middle Oligocene gabbroic dikes and sills (Roberts, 1953;
Snavely and others, 1980).
In northwestern Oregon, the Siletz terrane also consists of the
Siletz River Volcanics (Wells, 1985).
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The upper Eocene Tillamook

Volcanics (Snavely and others, 1970), formerly thought to be correlative
to OWdR basement basalts (Snavely and Wagner, 1963; Snavely and others,
1968; Magill and others, 1981), is underlain by marine sedimentary rocks
and the Siletz River Volcanics and is now not considered a basement unit
(R.E. Wells, oral communication, 1987).
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The Washington Coast Range

In southwest Washington, the Crescent terrane consists of the
Crescent Formation of the Willipa Hills, v^ich in this area is middle
Eocene (Duncan, 1982; Wells and Coe, 1985).

The Crescent Formation in the

Willipa Hills is conposed primarily of pillow basalt and in its upper
parts grades into basaltic breccia and basaltic sediments, vdiich in places
are interbedded with continentally-derived turbidites (Wells and Coe,
1985).

The basalt and associated tiarbidites were intensely faulted and

folded by the end of the middle Eocene and are unconformably overlain by
deltaic rocks of the upper middle Eocene Skookumchuck Formation (Wells and
Coe, 1985).
In the Black Hills near Olyirpia, the lower to middle Eocene Crescent
Formation consists predominately of pillcw basalt, basaltic breccia, and
minor basaltic sedimentary interbeds; and the upper-most flows are
interbedded with and conformably overlain by upper portions of the middle
to upper Eocene McIntosh Formation (Globerman and others, 1982).

Both the

McIntosh (Snavely and others, 1951) and Skookumchuck (Snavely and others,
1958) Formations are part of the Puget deltaic system of Buckovic (1979),
with the McIntosh Foimation being entirely marine and the Skookumchuck
Formation being in part marine and in part nonmarine.
In northwestern Washington, the bedrock of the Olympic Peninsula
consists of two geologic components, the core rocks and the peripheral
rocks (Figure 1).

The core rocks are an Eocene to middle Miocene

accretionary prism, primarily consisting of metasedimentary rocks that are
progressively more penetratively sheared and deformed from west to east
and reach the pumpellyite and low greenschist facies in the eastern core
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(Tabor and Cady, 1978a; 1978b).

The peripheral rocks include the Blue

Mountain unit and basalt of the Crescent Forination, and overlying marine
sedimentary rocks (Tabor and Cady, 1978a).
In the Olynpic Peninsula, the lower to middle Eocene basalt of the
Crescent Fornation has been divided into two units (Tabor and Cady,
1978a).

The lower unit is suixnarine and is characterized by pillow

basalt, basaltic breccia, and massive sheet flows, with pods and lenses of
red limestone (Garrison, 1973).

Sedimentary interbeds in the lower unit

generally consist of basaltic sandstone, conglonerate, tuff, and red
limestone (Tabor and Cady, 1978a) and, at least in the Mt. Angeles area,
are petrographically distinct from the underlying Blue Mountain unit.

In

northwestern exposures of the Crescent Formation, rare interbeds of
lithic, arkosic sandstone in the lower unit were reported by Snavely and
others (1986).

The upper unit, which crops out on the eastern and

southern sides of the Olynpic Peninsula, is primarily sukxnarine but
locally subaerial and is characterized by brecciated massive flows with
local columnar jointing and lesser pillow basalt (Cady, 1975; Tabor and
Cady, 1978a).

Along the northern coast of the Olympic Peninsula between

Crescent Bay and Freshwater Bay, tuffaceous and dacitic rocks are
interbedded with the Crescent Formation (Brcwn and others, 1960; Tabor and
Cady, 1978a).

Brown and others (1960) reported that the tuffaceous rocks

at Freshwater Bay are metamorphosed to the greenschist and epidoteanphibolite facies and locally contain garnet.

Depositionally underlying

and interfingering with basalt of the lower unit are the sedimentary rocks
of the Blue Mountain unit of Tabor and Cady (1978a), the natixre of which
is discussed below (see the BLUE MOUNTAIN UNIT) .

Volcanic and intrusive

rocks that are probably correlative to the Crescent Formation are exposed
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in the Kitsap Peninsula (K. Clark, thesis in progress).
Along the north coast of the Olympic Peninsula, the Crescent
Formation is overlain by either the upper Eocene Aldwell Formation or an
unnamed middle Eocene siltstone unit.

Tabor and Cady (1978a) reported

that the Aldwell Formation (Brcwn and others, 1960; Marcott, 1984) in part
interfingers with and in part unconformably overlies the Crescent
Formation.

Snavely (1983) stated that the Aldwell unconformably overlies

the Crescent Foinnation, and that locally the Crescent is unconformably
overlain by an unnamed middle Eocene siltstone unit.

The Aldwell

Formation has been interpreted as a svifcmarine fan by Marcott (1984).

The

Aldwell Formation is overlain by upper Eocene to Miocene marine
sedimentary rocks (Tabor and Cady, 1978a; Snavely, 1983).

These units

have all been interpreted as sut«iHrine fan or fan-delta facies (Ansfield,
1972; Melim, 1984; Rauch, 1986; J. DeChant, thesis in progress), except
the lower Miocene Clallam Formation, vdiich consists of shallow marine and
deltaic facies (Anderson, 1985).

Along the south side of the Olympic

Peninsula, the Crescent Formation is unconformably overlain by unnamed
upper Eocene sedimetary rocks or the upper Eocene to upper Oligoene
Lincoln Creek Formation (Rau, 1966).
On Vancouver Island, the lower Eocene Metchosin Formation consists of
massive and layered gabbro, trondhjemite, sheeted dikes, submarine pillow
and sheet flows, and subaerial basalt (Muller, 1980; Massey, 1986).
Western portions of the Metchosin Formation consist of basalt
metamorphosed to the greenschist facies (Muller, 1980) and may sonehow be
related to the metamorphosed rocks at Freshwater Bay reported by Brown and
others (1960).

The Metchosin Formation is unconformably overlain by the

late Oligocene beach deposits of the Sooke Formation (Bream, 1987).
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Off

the west coast of Vancouver Island, the undated but presumably Eocene
Prometheus Volcanics, discussed above, are unconformably overlain by
Miocene sediments (MacLeod and others, 1977; Roddick and others, 1979).
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THE BLUE MOUNTAIN UNIT

Introduction

The Blue Mountain unit is an informal name given by Tabor and Cady
(1978a) to sandstone, argillite, and conglonerate that interfinger with
and underlie basalt of the lower to middle Eocene Crescent Formation of
the Olympic Penisula.

Previous workers have determined the contact

between the Blue Mountain unit and basalt of the Crescent Formation to be
depositional (Cady and others, 1972a; 1972b; Tabor and others, 1972; Cady,
1975; Tabor and Cady, 1978a), and this observation is in part
sx±)stantiated by this study (see Contact Relationships).

The Blue

Mountain unit crops out along the inside of the open-to-the-^st horseshoe
pattern of the Crescent Formation (Figure 1) for about 130 kiloneters and
generally forms a 1/2 to 2 kilometer wide (in map pattern) sedimentary
horizon between basalt of the Crescent Formation and the Hurricane Ridge
Fault, except south of Sequim vhere the Blue Mountain unit interfingers
with basalt of the Crescent Formation and is overlain by the Aldwell
Formation (Tabor and Cady, 1978a).
The Blue Mountain unit has been mapped at a scale of 1:62,500 as unit
Teas of Cady and others (1972a; 1972b) and Tabor and others (1972), as
unit Tag of Brown and others (1960) and Gower (1960), and as unit Tt«n by
Tabor (1982).

In the Olympic Peninsula compilation map of Tabor and Cady

(1978a), these units are all referred to the Blue Mountain unit, vhich is
the convention that this thesis will follow.

Because of the depositional

relationship between the Blue Mountain unit and basalt of the Crescent
Formation, Tabor and Cady (1978a) considered the Blue Mountain unit to be
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part of the Crescent Formation.
Gower (1960) and Brown and others (I960) cited W.W. Danner v^o
assigned a Late Cretaceous age to the Blue Mountain unit of the northern
Olympic Peninsula.

However, both Gower (1960) and Brcwn and others (1960)

further stated that the fossil used by Danner to provide the Late
Cretaceous age to the Blue Mountain unit also exists in rocks of Eocene
age in the Olympic Peninsula.

Foraminifera collected from red limestone

in the Blue Mountain unit or lower portions of the Crescent basalt near
the head of the wynoochee River in the southern Olympic Peninsula are Late
Cretaceous in age (R.D. Brcwn, personal communication, cited in Tabor and
Cady, 1978a), but recent attempts to collect fossils frcxm this locality
have been unsuccesfull (Tabor and Cady, 1978a).
On the basis of foraminifera collected in red limestone in the lower
part of the Crescent Formation, Rau (1964) and W.W. Rau (personal
communication, cited in Tabor and others, 1972) assigned an early to
middle Eocene age to the lower portion of the Crescent Formation.

Tabor

and others (1972), Cady and others (1972a; 1972b), and Tabor and Cady
(1978a) all considered the Blue Mountain unit to be early to middle Eocene
in age, the same age as the basalt of the Crescent Fonmation.

Fossils

from the large basaltic interbeds within the Blue Mountain unit south of
Sequim are early to middle Eocene (R.W. Tabor, oral communication, 1986).
Considering the lack of definitive Late Cretaceous or Paleocene fossils,
the best estimate of the age of the Blue Mountain unit appears to be early
to middle Eocene.
Because the base of the Blue Mountain unit is truncated by the
Hurricane Ridge Fault and other faults, vdiich separate the Crescent
terrane from the Olympic Core terrane (Figure 1), the maximum age of the
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Blue Mountain unit cannot be determined.

It is possible that unexposed or

truncated portions of the Blue Mountain imit may be older than early
Eocene.

22

Contact Relationships

Tabor and others (1972), Cady and others (1972a; 1972b), Cady (1975),
Tabor and Cady (1978a), and Tabor (1983) proposed that the contact between
the Blue Mountain unit and overlying basalt of the Crescent Formation
along the eastern side of the Olyrtpic Peninsula is depositional.

Snavely

(1983) proposed that this same contact is faulted along the northern
Olympic Peninsula, but that area was not studied in the course of the
field work for this thesis.

My own work along the eastern margin of the

Olympics indicates that the contact between the Blue Mountain unit and
basalt of the Crescent Formation is faulted in places and is depositional
in places.

Interpretation of the relationship between the Blue Mountain

unit and basalt of the Crescent Formation is difficult in the field
because of the lack of exposure, and because of difficulty in
differentiating black, fine-grained, very well indurated sandstone from
basalt.

This prcblem is intensified by disruption of the Blue Mountain

unit and the basalt of the lower member of the Crescent Formation, with
faults of unknown displacement very common at the outcrop scale.
Therefore, as one approaches the Blue Mountain unit-basalt contact,
faulting does not necessarily indicate that the contact is structural.
However, at Marmot Pass, the Blue Mountain unit-basalt contact was
observed in two places to be depositional.

The presence of a depositional

contact between the Blue Mountain unit and basalt of the Crescent
Formation places important constraints on the origin of the Crescent
terrane (see TBCTCNICS).
The contact that is very well exposed by a landslide escarpment along
the Graywolf River downstream from Camp Tony (Figure 4) is difficult to
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Figure 4.

Geologic map of the Maynard Peak area.

Vertical ruled

pattern = basalt of the Crescent Formation; horizontal
ruled pattern = Core Rocks; unruled pattern = Blue
Mountain unit.

Simplified from Cady and others, 1972b.
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interpret.

To the west of the fault, towards the Core Rocks, the Blue

Mountain unit consists of steeply dipping argillite interbedded with
discontinous sand layers.

Bedding at this locality is roughly parallel to

the Blue Mountain unit-basalt contact. If a fault is present at this
locality, it is roughly parallel to bedding in the Blue Moiantain unit.
Along the Graywolf Trail upstream from Camp Tony, two thin basaltic
sills can be seen intmding siltstone of the Blue Mountain unit.
contact is not tectonic, as chilled margins bound the sills.

This

The

siltstone at this locality has a red color, possibly due to hydrothermal
alteration or oxidation associated with the intnasion of basalt into
unlithified sediments in a marine environment.

This exposure is part of

the stratigraphically lowest of the two major basaltic interbeds in the
Blue Mountain unit (Figure 4).

Therefore, early eruptions of basalt of

the Crescent Formation at this locality were as sills into the Blue
Mountain unit.

Although this contact is not depositional, it does

indicate that basalt of the Crescent Formation intruded the Blue Mountain
unit.
About 100 meters upriver from the bridge at Dungeness Forks
Campground (Figure 4), the Blue Mountain unit-basalt contact is exposed by
another landslide escarpment, and it is again difficult to interpret.

At

this locality the Blue Mountain unit consists primarily of turbidites; and
both the silt and sand portions have undergone shear.

The Blue Mountain

unit-basalt contact is irregular, possibly as the result of basalt loading
onto soft sediments.

The contact is roughly parallel to bedding in the

sediments, and pods and layers of sediment (possible rip-ip clasts?) occur
stratigraphically above the primary Blue Mountain unit-basalt contact.
Cady (1975) argued that the observed map pattern along the Graywolf
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River (Cady and others, 1972a; see Figure 4) indicates interfingering of
the Blue Mountain unit and basalt of the Crescent formation, suggesting
depositional contact between the two units.

a

On a smaller scale, a similar

interfingering relationship between the Blue Mountain unit and basalt of
the Crescent Formation can be observed in the Marmot Pass area (Cady and
others, 1972b; see Figure 5).

Two localities at Marmot Pass show a

depositional relationship between the Blue Mountain unit and basalt of the
Crescent Formation.

The first is an exposure along the trail that rions

fron Marmot Pass to the Tubal Cain Mine.

At this locality, sediments of

the Blue Mountain unit can be seen between two layers of pillow basalt.
The sediments fill intertices between pillows of the underlying basalt,
and the overlying pillow basalt appears to have slunped onto and
cortpressed the underlying sediments.

The second is exposed along the

ridge v^ich runs from Marmot Pass to Mt. Buckhom.

Here, ainydaloidal

sheet (?) basalt is directly overlain by a thin layer of gray limestone,
vhich is in turn overlain by fine-grained sandstone and siltstone (Figure
6).

At this locality the basalt may be a sill.

There is no evidence of

faulting at either locality.
South of Sequim along Forest Service Road 2950 near Tyler Peak, a
depositional contact between the Blue Mountain unit and the
stratigr^hically higher of the two major basaltic interbeds can be seen
(Figure 7).

The basaltic interbed contains pillow basalt and red

limestone and is clearly not a sill.
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Figure 5.

Geologic map of the Marmot Pass area.
Figure 4 for explanation of symbols.
Simplified from Cady and others, 1972b.
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See

Figure 6.

Depositional contact between the
basalt of the Crescent Formation
and the Blue Mountain unit near
Mt. Buckhorn.
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Figure 7.

Deposit!onal contact between the Blue Mountain
unit and a basaltic interbed near Tyler Peak.
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Depositional Environment

Determination of the depositional environment of the Blue Mountain
xanit was not rigorously addressed during the course of this study.
However, a few basic observations can be made.

First, the presence of

limestone and marine fossils (Tabor and Cady, 1978a) indicate that the
Blue Mountain unit was deposited in a marine environment.

Second, in the

eastern Olynpics where the bulk of the field work for this study was
carried out, the Blue Mountain unit is characterized by, in decreasing
order of abundance: turbidites, massive sandstone, massive siltstone,
pebbly sandstone, and conglomerate.

Sedimentary structures were only

rarely observed, due primarily to lack of exposxire, intense weathering,
and the generally fine grain-size of the Blue Mountain unit.
Alternatively, sedimentary structures were not observed because they don't
exist.

Sole marks are exceedingly rare.

Based on a rough comparison

between depositional facies present in the Blue Moimtain unit and
characteristics of modem and ancient submarine fans as decribed by Walker
and Mutti (1973), Howell and Normark (1982), and Walker (1984), the Blue
Mountain unit most likely represents a submarine fan; and Tabor (1983)
suggested that interchannel fan deposits conprise the majority of the Blue
Mountain unit.
Exposiores of the Blue Mountain unit are dominated by turbidites
(Figure 8).

In the rare exposures where sedimentary structures could be

confidently interpreted, base cut-out turbidites were most common, with
the typical Bouma sequence being bcde.
sequences observed.

Only rarely were complete Bouma

However, so few sedimentary structures were observed

in the field that the precise depositional environment of the Blue
Mountain unit cannot be defined based on sedimentary structures.
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Figure 8.

Turbidites of the Blue Mountain unit near
Dungeness Forks Campground.
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Hammer for scale.

Generally tJie sand-sized fraction of the turbidites is fine- to mediumgrained.

The majority of the turbidites are tabular and persist laterally

(to the extent that they are exposed, rarely greater than 25 meters along
strike and usually much less), generally with sharp and flat bases and
less commonly with erosional bases.
observed only rarely.

Pinch and swell of sand beds was

The sand;shale ratio ranges from about 1:3 to 5:1,

with the average being perhaps 2:1 to 3:1.

The sandy portion of the

turbidites ranges from about 0.02 meters to 0.5 meters in thickness.

The

turbidites of the Blue Mountain unit most closely match the Facies C
(proximal) and Facies D (distal) "classic turbidites" (see Table 1) of
Walker and Mutti (1973) and Howell and Normark (1984) and would therefore
represent deposition in interchannel portions of the middle fan or in
outer fan environments.
Because of the lack of sedimentary structures and the sonew^iat high
sard to shale ratio, it is tenpting to interpret scxne of the turbidites of
the Blue Mountain unit as Facies E (see Table 1) of Walker and Mutti
(1973) and Hcwell and Normark (1984).

Facies E is characterized by abrupt

transitions from sand to shale, Bouma ce sequences, a high sand to shale
ratio, and wavy and discontinous sandstone bedding and is associated with
overbank deposits in channelized portions of submarine fans (Walker and
Mutti, 1973; Howell and Normark, 1984).

The massive sandstones of the

Blue Mountain unit are, with the exception of rarely observed graded
bedding, generally structureless and amalgamated with erosional bases
(Figure 9).

The massive sandstones occur throughout the field area and

are associated with, but si±)ordinate in volume to, the tiirbidites.

Bed

thicknesses range from tens of centimeters to several meters, and the sand
is generally moderately to well sorted and fine- to medium-grained.
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Dish

BOUMA
SEQUENCE
NOT
APPLICABLE

BEDS CAN
REASONABLY
BB
DESCRIBED
USING
THE BOUMA
SEQUENCE

FACIES A — Coarse grained sandstones and congloaarates
A1
Disorganised congloaerates
A2 Organized congloaerates
A3 Disorganized pebbly sandstones
A4 Organized pebbly sandstones.
FACIES B -- Mediun-fine to coarse sandstones
B1
Massive sandstones with "dish" structure
B2
Massive sandstones without "dish" structure.
FACIES C — Mediun to fine sandstones -- classical proxlnal
turbidites beginning with Bouaa's division A.
FACIES D — Fine and very fine sandstones, siltstones —
classical distal turbidites beginning with
Bouaa's division B or C.
C-D

FACIES SPECTRUM — can be described using the ABC
index of Walker (1967).

FACIES E — Siailar to D, but higher sand/shale ratios and
thinner wore irregular beds.
BOUMA
SEQUENCE
NOT
APPLICABLE

Table 1

FACIES F -- Chaotic deposits formed by downslope mass
Bovenents, e.g. slumps.
FACIES G — Pelagic and hemipelagic shales and marls -deposits of very dilute suspensions.

Classification of submarine fan
depositional facies.
Mutti,
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1973.

From Walker and

Figure 9.

Massive sandstone of the Blue Mountain unit
near Tyler Peak.

Hammer for scale.
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structiares were not observed, and only rarely did the massive sandstones
exhibit a channelized morphology; but the apparent lack of these
characteristics may be due to weathering and lack of lateral continuity of
exposure.

The massive sandstones of the Blue Mountain unit are most

similar to Facies B of Hcwell and Normark (1984) and to Facies B2 (see
Table 1) of Walker and Mutti (1973), which are characteristic of
deposition in the channelized portion of the inner or middle fan
environment.
The massive siltstone of the Blue Mountain lanit is usually
structureless, with beds attaining thicknesses of up to several tens of
meters (Figure 10).

Occasionally thin laminations were observed. The

siltstone most closely resembles Facies G (see Table 1) of Walker and
Mutti (1973) and Howell and Normark (1984) and probably represents
sedimentation in distal interchannel portions of the middle fan or in an
inactive outer fan environment.

It is not known if the massive siltstone

is derived from waning turbidity currents or from background pelagic
sedimentation.
The pebbly sandstone in the Blue Mountain unit is concentrated
northeast of Blue Mountain (Figure 11).

Locally, pebbly sandstone

associated with turbidites or massive siltstone is present in the field
area, notably near the suitmits of Blue Mountain and Mt. Buckhom.

The

pebbly sandstone is typically massive and structureless, although in

1

places faint laminations were observed.
several meters.

Bed thicknesses range up to

The pebbly sandstone is most similar to Facies A of

Howell and Normark (1984) ^d Facies A3 (disorganized pebbly sandstone,
see Table 1) of Walker and Mutti (1973).

In association with-

conglomerate, the occurence of pebbly sandstone southeast of Blue Mountain
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Figure 10.

Massive siltstone of the Blue
Mountain unit near Dungeness
Forks Campground.
scale.
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Hammer for

Figure 11.

Pebbly sandstone of the Blue Mountain unit near
Blue Mountain.

Hammer for scale.
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may represent the channellized portion of an inner fan environment.

Other

occurences of pebbly sandstone are probably middle fan channel deposits,
but only rarely was a channel morphology observed.
The conglomerate of the Blue Mountain unit is typically
structureless, with dominantly pebble- to cobble-sized clasts set in a
sandy matrix (Figure 12).

The occurrence of conglomerate in the field

area is confined to the area northeast of Blue Mountain, but Tabor and
Cady (1978a) mapped conglomerate south of Lake Crescent.

The conglomerate

is most similar to Facies A of Howell and Normark (1984) and Facies A1
(disorganized conglanerate, see Table 1) of Walker and Mutti (1973) and
prcbably records deposition in the channellized portion of an inner fan
environment.

The conglomeratic facies southeast of Sequim may represent a

major submarine feeder channel vAiich funneled sediments to more distal
portions of the Blue Mountain unit (Tabor, 1983).
Although current indicators were not measured during the course of
this study, Snavely and Wagner (1963) stated that sedimentary structiores
in northeastern exposures of the Blue Mountain unit indicate sediment
transport frcxn the northeast to the southwest.

This interpretation

prcbably does not require significant correction for tectonic rotation, as
Beck and Engebretson (1982) found only small amounts of counter-clockwise
rotation in basalt that is probably correlative to the Crescent Formation
in the northeastern Olympic Peninsula, near Port Townsend.

Northeast to

southwest current indicators are consistent with the presence of submarine
fan Facies A conglomerates in northeastern exposures of the Blue Mountain
unit.

The cinrrent indicators reported by Snavely and Wagner (1963)) do not

indicate a specific source area but do inply that the Blue Moimtain unit
was derived from North America and not from an exotic terrane to the west.
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Figure 12.

Conglomerate of the Blue Mountain
unit from near Blue Mountain.
Hammer for scale.
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A final interesting aspect of the regional depositional pattern of
the Blue Mountain unit is the gap between basaltic accumulations of the
Crescent Formation along the Graywolf River as mapped by Cady and others
(1972b) and Tabor and Cady (1978a).

The map pattern in this area (Figure

4) suggests that the sutxnarine fan represented by the Blue Mountain unit
and the basalt of the Crescent Formation alternately prograded across one
another.

Specifically, the Blue Mountain unit appears to have prograded

across the basalt during volcanic lulls; note that the wedge of greatest
apparent progradation occurs between the lower and upper members of the
Crescent Formation.

A fundamental change in the petrochemistry of the

Crescent Formation has been thought to occur between the lower and upper
members (Glassley, 1974; Cady, 1975; N.W.D. Massey, written communication,
1986), and progradation of the Blue Mountain unit over the lower member of
the Crescent Formation suggests that the change in chemistry was preceeded
by marked cessation of volcanic activity.
To summarize, the Blue Mountain unit in the field area is dcminated
by sediments with middle and possibly outer fan characteristics.

The Blue

Mountain unit occurs primarily as turbidites, but lack of observed
sedimentary structures prohibits the precise definition of facies.

The

turbidites represent either proximal or distal turbidites, and most likely
both occur in the Blue Moiantain unit.

Massive sandstone, massive

siltstone, pebbly sandstone and conglonerate are also present, but
subordinate in volume to the turbidites. The conglomerate northeast of
Blue Mountain probably represents a major feeder channel.

40

Petrology and Petrography

Introduction
Forty thin-sections were point-counted using a 0.5mm by 1.0mm or a
0.5mm by 0.5mm spacing to provide maximum thin-section coverage and to
insure that all but the largest grains were only counted once.

Each thin-

section was half-stained with sodium cobaltinitrite and amaranth for the
identification of potassium feldspar and plagioclase, respectively.
Generally, a 400-grain point-count was performed on the stained half of
each thin-section to determine the conposition of both monocrystalline and
polycrystalline grains.

With the exception of two samples (see Appendix

1), only sandstones from the northeastern portions of the Blue Mountain
unit were examined quantitatively, and therefore this section and
interpretations derived from it apply only to sand-sized sediments of the
Blue Mountain unit between Mt. Angeles and Constance Pass.

To avoid

repetition, the area of sample collection will not always be mentioned,
and the reader should bear this in mind.

The Gazzi-Dickinson method of

point-counting was used in this study, meaning that grains of very fine
sand {l/16mm) or larger size within lithic fragments were counted as
monocrystalline grains in the category in vhich they fell.

The following

categories were counted in each thin-section: monocrystalline quartz (Qm),
potassiiam feldspar (K), plagioclase feldspar (P), primary and
metamorphosed siliceous volcanic lithic fragments (Lvs), primary and
metamorphosed intermediate volcanic lithic fragments (Lvi), primajry and
metamorphosed mafic volcanic lithic fragments (Lvm), polycrystalline
quartz (Qp), sedimentary lithic fragments (Ls), metasedimentary lithic
fragments (Lsm), dense minerals (D), unidentified monocrystalline grains

41

(Um), unidentified polyciystalline grains (Up), matrix (M), miscellaneous
grains (Misc), mica (Mi), and interstitial cement and/or clay (C).

Most,

but not all, point-counts include chert (Ch) as a category separate from
polycrystalline quartz. The distinction between polycrystalline quartz and
chert was based on the size of extinction domains and, to a lesser extent,
on the clarity of extinction boundaries.

Point-count data for all thin-

sections and sairple locations are presented in Appendix 1.
The sand-sized sediments of the Blue Mountain unit were determined to
be generally compositionally immature, with moderate textural maturity.
Three petrofacies were recognized (using the classification of Dott,
1964);

1) a plagioclase-rich petrofacies classified as a feldspathic

arenite, 2) a chert-rich petrofacies classified as a lithic arenite, and
3) a mixed petrofacies classified as a feldspathic-lithic arenite.

Texture
Ttie sand-sized fraction of the Blue Mountain unit is typically fineto medium-grained, less commonly very fine- or coarse-grained.

The

sandstones are generally moderately to well sorted and occasionally poorly
sorted.

Grains are most commonly sxabangular to subrounded and blade

shaped to subequant.

Monocrystalline quartz, polycrystalline quartz, and

chert are generally siabequant, but occasionally are blade-shaped or
equant.

Feldspar and lithic fragments are usually blade-shaped, less

commonly subequant.
Grain to grain contacts are primarily long contacts, but less commonly
tangential and concavo-convex contacts were observed.

Concavo-convex

contacts are most frequent where resistant grains such as quartz are in
contact with less resistant lithic fragments.
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Tangential contacts were

observed in those rare thin-sections with appreciable matrix.

Elongate

grains are generally unoriented, although occasionally a rough alignment
of elongate grains was observed at a low to moderate angle to bedding.

A

metamorphic fabric was not observed in the Blue Mountain unit.
Matrix is not abundant but, vhere present, consists of (using the
classification of Dickinson, 1970) silt-sized protoratrix and rarely
epimatrix and orthomatrix.

Although present in all thin-sections studied,

ranging from about 1% to 30%, matrix rarely exceeds 15%.

Pseudcsnatrix is

cannon, consists of crushed sedimentary lithic fragments, and was treated
as sedimentary lithic fragments in the point-counts.

With the exception

of very rare calcite cement, cement is absent; and the Blue Mountain unit
is indurated only by compaction.

Chlorite occasionally takes on a cement

like appearance in that it partially surrounds other framework grains.
However, these occurrences of chlorite are probably detrital grains of
chlorite or chloritized basalt fragments that have been deformed about
more resistant framework grains by coipaction.

Sandstones typically

weather dark brcwn to gray to black and are very well indurated.

In fact,

black, massive, structureless, and fine-grained varieties can be difficult
to distinguish from basalt in the field.

Composition
The descriptions below of grain types common to the Blue Mountain unit
are based on thin-section analysis.

The abbreviations of grain categories

used to present point-count data and the grain parameters used in plotting
the point-count data for the temaary diagrams are indicated in Appendix 1.

Qm:

Monocrystalline Quartz.
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Monocrystalline quartz has, in decreasing

order of abundance, undulose, straight, and polygonized extinction.
Vacuole trains are present in alnost all grains, with mineral inclusions
being present but less abundant.

Rarely, monocrystalline quartz occurs

without vacuoles or inclusions, is very clear in plain light, and may
represent volcanic quartz or coipletely recrystallized metamorphic quartz.
However, the dcxninant source is plutonic.

Occasionally, monocrystalline

quartz was observed with plagioclase and rarely with potassium feldspar in
plutonic rock fragments.

Monocrystalline quartz is the dcxninant component

in rare sedimentary lithic fragments containing fine- to medium-grained
sand-sized particles, and rare monocrystalline quartz was observed with
rounded quartz overgrowths, indicating a minor sedimentarry source.

All

monocrystalline quartz is anhedral.

P: Plagioclase Feldspar.
degrees

Plagioclase has generally undergone variable

of alteration and occurs over the whole range fran fresh to

highly altered. Alteration of plagioclase is most commonly the result of
sericitation, less conmonly the result of alteration to clay minerals, and
very rarely the result of partial to almost ccxnplete replacement by
calcite.

In most thin-sections the plagioclase is variably altered,

indicating that alteration occxirred primarily at the source.

However, in

rare thin sections all of the plagioclase is altered, suggesting that some
alteration of plagioclase may be associated with diagenesis.

Based on 50

determinations using the Michel-Levy method, the average plagioclase
CCTiposition was determined to be oligoclase.

Most plagioclase grains show

albite twins, although common untwinned and rare Carlsbad twinned
varieties were observed.

The untwinned varieties were recognized as

plagioclase by the presence of the pink stain.
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Occasionally, albite twins

were observed to be bent.

The bending of albite twins did not pass into

adjacent grains, indicating that the albite twins were bent at the source;
such grains may indicate rapid uplift or crystallization in a stressed
environment.

Zoned plagioclase was not observed in any of the three

epiclastic facies but does exist as minor, euhedral, extronely fresh
detrital grains in the fossiliferous carbonate facies described below (see
Petrofacies).

The plagioclase grains in the epiclastic facies are all

apparently anhedral, but it is possible that a broken or a rounded
euhedral grain might appear anhedral in thin-section.

However, the

complete lack of both zoning and clearly euhedral grains indicates that
the plagioclase of the epiclastic facies is of plutonic origin.

Besides

occurring as individual detrital grains, plagioclase is a common conponent
of volcanic lithic fragments, rare plutonic lithic fragments and
sedimentary lithic fragments containing fine- to medium-grained particles.

K: Potassium Feldspar.
Mountain unit.

Potassium feldspar is exceedingly rare in the Blue

Most thin-sections are devoid of potassium feldspar.

Where it is present, potassium feldspar is generally only slightly altered
and is apparently untwinned.

The lack of twinning suggests that the

potassium feldspar is of the orthoclase variety, although no perthitic
texture was observed.
detrital grains.

Potassium feldspar almost always occurs as single

Rare siliceous volcanic lithic fragments occasionally

take the sodium cobaltinitrite stain, but potassium feldspar phenocrysts
were only rarely observed in these fragments.

Possibly potassium feldspar

is present in the groundmass of these siliceous volcanic fragments, or a
potassium-rich clay is accepting the stain.
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Ch:

Chert.

Detrital fragments of chert ccxnpose a large percentage of the

Blue Mountain unit.

Chert is generally contaminated with silt or clay and

ccxiinonly contains minute opaque minerals that are prc±»ably magnetite,
although significant uncontaminated chert is also present.

Chert grains

commonly contain areas of polycrystalline quartz and are typically cut by
veins of polycrystalline quartz.

Occasionally chert grains were observed

with stretched extinction domains defining a metamorphic fabric.

Qp:

Polycrystalline Quartz.

Polycrystalline quartz is common, with both

polyhedral and sutured grain boundaries.

The fragments are generally pure

quartz, although occasionally v^ite mica was observed within the
fragments.

Although not conclusive, the presence of canmon

polycrystalline quartz veins and danains of polycrystalline quartz within
chert and, more rarely, chert-sized extiction domains within fragments
composed predominantly of polycrystalline quartz, suggests that much of
the polycrystalline quartz may be derived from the chert.

Mi:

Mica.

Detrital grains of pleochroic and v^ite mica are present but

not abundant.

Pleochroic grains are probably biotite and chlorite, white

grains are probably muscovite; all occur in approximately equal abundance.
Mica grains are almost always deformed about more resistant grains.

D:

Dense Minerals.

Epidote and opaque minerals are present in nearly

every thin-section counted.

Opaque minerals were identified roughly with

reflected light on the polarizing microscope;

they consist of magnetite,

pyrite{?), leucoxene(?), and hanatite, with magnetite being the most
abundant.

Opaque minerals are generally very fine grained and appear to
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be anhedral and detrital.

However, rare euhedral grains of magnetite were

observed in thin section, and authigenic magnetite can be seen in small
ejqxDsures of gray limestone at Constance Pass.

Dense minerals less

frequently observed are zoisite or clinozoisite and very rare zircon.
Epidote occurs as moderately weathered detrital grains, both as separate
grains and in lithic fragments consisting of epidote and monocrystalline
quartz or plagioclase.

Lvs:

Siliceous Volcanic Lithic Fragments.

Sand-sized siliceous volcanic

lithic fragments are very rare in the Blue Mountain unit, although pebble
sized fragments occur in the pebbly sandstone and conglomerate northeast
of Blue Mountain.

Siliceous volcanic lithic fragments are generally

dacitic in composition, corposed primarily of plagioclase and quartz with
very rare potassium feldspar phenocrysts set in an aphanitic, partially
devitrified groundmass.

Sand-sized fragments can be difficult to

distinguish from chert.

Characteristics used to distinguish siliceous

volcanic lithic fragments from chert are:

1) presence of quartz or

feldspar phenocrysts, 2) presence of feldspar stain, 3) non-uniform Becke
Line movement, 4) presence of isotropic (glassy) groundmass, and 5)
presence of clay minerals.

Lvi:

No metamorphic varieties were observed.

Intermediate Volcanic Lithic Fragments.

Intermediate volcanic

lithic fragments are rare in the Blue Mountain unit.

These fragments

generally consist of plagioclase phenocrysts set in a glassy matrix and
are identified as intermediate volcanic lithic fragments because of a
pronounced trachytic texture.

The lack of quartz suggests that these

fragments are andesitic in conposition.
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Unstable minerals were not

present within these fragments, and no metamorphosed varieties were found.

Lvm:

Mafic Volcanic Lithic Fragments.

Mafic volcanic lithic fragments

are the most common of the volcanic fragments but do not form an
^preciable percentage of the Blue Mountain unit.

These grains are

prctably basaltic in nature and are identified primarily by the presence
of plagioclase phenocrysts forming a felty textiore, although rarely high
relief interstitial minerals that may be pyroxene could be seen.

The

mafic volcanic lithic fragments are moderately to highly altered,
generally with chlorite or clay minerals replacing unstable minerals.
Sane grains are completely chloritized or altered to clays and are
recognized as mafic volcanic lithic fragments only by the presence of
plagioclase ghosts.

Ls;

Sedimentary Lithic Fragments.

Sedimentary lithic fragments are

cannon, generally consisting of silt to very fine sand-sized grains within
lithic fragments that have been deformed to pseudomatrix.

These fragments

may be intrabasinal, representing deformed rip-up clasts derived from
underlying beds as the result of turbidity currents.

Sedimentary lithic

fragments containing fine- to meduim-grained sand-sized particles are
present but not abundant and generally consist of monocrystalline quartz
and plagioclase with lesser amoiants of polycrystalline quartz and rare
potassium feldspar.

Considering that lithic fragments of unlithified

sand-sized particles would be likely to disarticulate during transport in
turbidity currents, these grains are probably extrabasinal and were
lithified prior to transport and deposition.
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Lsm:

Metasedimentary Lithic Fragments.

Present but only locally abundant

are foliated metasedimentary lithic fragments.

These fragments are

generally pelitic and possess a phyllitic or schistose texture.

Rarely a

sinous foliation was observed in semi-schistose fragments consisting of
fine to medium sand-sized particles.

The fragments generally consist of

quartz and mica or mica set in a very fine grained groundmass that may be
graphitic.

Up:

NO diagnostic metamorphic index minerals were observed.

Unidentified Polycrystalline Lithic Fragments.

consists of unidentifiable polyminerallie grains.

This category
Failure to identify

these grains can be attributed to intense weathering or alteration at the
source or during transport.

Utn:

Unidentified Monocrystalline grains.

This category consists of

unidentifiable monotiinerallic grains.

C:

Cement and Clay.

sections;

Very rarely, calcite cement was observed in thin-

viiere seen, it forms a very small part of overall conposition.

Clay minerals are more canmon but are not abundant, and species were not
separated.

M:

Matrix.

Matrix is present in most thin-sections but usually comprises

less than 15% of the sample.
thin-section (see Appendix 1).
(1970).

Rarely, matrix comprises 15% to 30% of a
Matrix classifcation is that of Dickinson

The most abundant matrix type is protomatrix, vrtiich generally

consists of silt-sized material. Rarely, phyllosilicates are present as
pore-fillings and are interpreted as epimatrix becaiase of the lack of
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relict clastic textures, the generally moderate to good sorting of
framework grains, and the presence of protomatrix that is not
recrystallized.

Occasionally very fine-grained phyllosicates were

observed along long contacts between framework grains.

Although a relict

clastic texture was not observed, this material may represent
recrystallized clay and as such should be classified as orthonatrix.
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Petrofacies

Introduction
Two well-defined petrofacies are recognized, a plagioclase-rich
petrofacies classified as a feldspathic arenite (plagioclase facies) and a
petrofacies rich in polycrystalline quartz classified as a lithic arenite
(chert facies). The sandstone classification is that of Dott (1964).

A

third petrofacies, is merely a conpositional combination of the first two
and is classified as a feldspathic-lithic arenite (mixed facies).

The

plagioclase facies and chert facies form distinct populations, especially
on the Q-F-L and Qm-F-Lt ternary diagrams, but five samples tend to
overlap these two distinct petrofacies (Figures 13 and 14).

This

overlapping population is called the mixed facies, because this
petrofacies is characterized by approximately equal abundances of
plagioclase and polycrystalline quartz.

The petrofacies cannot be

separated by their field distribution (Appendix 1), although obviously the
placioclase facies has a different source than does the chert facies.
Non-systematic distribution of rock types in the field means that the two
petrofacies were not mixed to a significant extent in a subaerial fluvial
system, although they may have shared the same submarine transport system.
The sinplest explanation for the stratigraphically heterogeneous occurence
of the two distinct petrofacies is that the plagioclase facies represents
erosion of an unroofed magmatic arc with moderate to high relief, vdiile
the chert facies represents erosion of an intensely weathered coastal
plain, and that the two facies were provided to the basin in which the
Blue Mountain unit was deposited by separate, distinct turbidity flows
(see Provenance).
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Qm

52

Qm
FACIES
FACIES
FACIES

Qp
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Plagioclase Facies
The rocks of the plagioclase facies are feldspathic arenites, except
for two sanples of feldspathic wacke (Appendix 1).
content in the plagioclase facies is 6.5%.

The average matrix

Clastic grains are dominated

by monocrystalline quartz and plagioclase, with the average modal analysis
of 22 sanples indicating Q;F;L 55:36:9 and On:F:Lt 47:36:17.
plagioclase to total feldspar ratio (P/F) is .97.

The average

The average plagioclase

to plagioclase plus polycrystalline quartz ratio (P/P+Qp) is .82,
distinguishing the plagioclase facies from the chert facies (see below).
The monocrystalline quartz and plagioclase are of plutonic origin, based
on the primarily undulatory and straight extinction of quartz, the lack of
zoning in plagioclase, and the anhedral crystal forms of both minerals.
Polycrystalline quartz and sedimentary lithic fragments are the next most
cotimon constituents of the plagioclase facies, with an average abundance
of 6.4% and 5.4%, respectively.

The sedimentary lithic fragments consist

primarily of silt- to very fine sand-sized particles and are usually
deformed to pseudomatrix; they are probably intrabasinal rip-up clasts.
Monocrystalline quartz is the only mineral that can be recognized with
certainty in these sedimentary lithic fragments.

Rarely, sedimentary

lithic fragments are composed of fine to medium sand-sized particles, and
these particles were counted under the monocrystalline category on vhich
the cross-hairs fell rather than as sedimentary lithic fragments.

These

coarser-grained sedimentary lithic fragments are probably extrabasinal in
origin, as disciossed above.
Volcanic lithic fragments include approximately equal amounts of
siliceous and mafic volcanic fragments, both of vhich coiprise an average
of about 1% of the plagioclase facies.
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The siliceous volcanic fragments

are quartz-andesitic to dacitic in composition, consisting primarily of
quartz and plagioclase.

The mafic volcanic fragments are basaltic, and

most are altered to highly altered, with chlorite being the dominant
replacement mineral.

Intermediate volcanic fragments are very rare,

comprising less than 0.5% of the plagioclase facies.

Where present,

intermediate volcanic fragments are andesitic, consisting almost entirely
of plagioclase.
Mica is a minor but ccxnmon constituent of the plagioclase facies,
with an average abundance of 4%.

Occurring in approximately equal

abundance are chlorite, muscovite, and biotite.

Dense minerals average

less than 2% of the plagioclase facies and consist of epidote, zoisite or
clinozoisite, magnetite, pyrite (?), leucoxene{?), rare hematite, and very
rare zircon.

Epidote and magnetite are the most abundant dense minerals

and are both present in nearly every thin-section.

Epidote commonly

occurs in detrital grains associated with monocrystalline quartz or
plagioclase.
Plutonic lithic fragments, composed of plagioclase plus
monocrystalline quartz of prcbable tonalitic or dioritic composition, were
observed but are quite rare.

Metasedimentary lithic fragments are present

but rare, ccaiprising an average of less than 0.5% of the placioclase
facies, and consist of foliated phyllitic to schistose grains.

Chert Facies
The rocks of the chert facies are lithic arenites, although two
samples are lithic wackes (see Appendix 1).
the chert facies is 7.8%.

The average matrix content of

Clastic grains are dominated by polycrystalline

quartz, with the average modal analysis indicating Q;F:L 70:12:18 and
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Qm:F:Lt 31:12:57.

The average P/P+QP ratio is .24, indicating that the

chert facies and the plagioclase facies (P/P+Qp = .82) form distinct
petrologic populations.
Where distinguished in the chert facies (10 of 13 thin-sections), the
average chert to chert plus polycrystalline quartz ratio (C/C+Qp) is .65.
However, this figure is misleading:

a significant number of the

polycrystalline quartz grains counted exist as polycrystalline donains or
veins within chert and therefore are derived from the same source as the
chert.

Realistically, at least 75% to 85% of the chert and

polycrystalline quartz can be considered to have the same chert-rich
source.

The origin of the 15% to 25% of polycrystalline quartz not

associated with chert is unknown, although it may have originated as
polycrystalline domains or veins in chert that have been disarticulated
during transport.
Along with plagioclase, the relative amount of monocrystalline quartz
is seen to be lower in the chert facies than in the plagioclase facies,
suggesting that the monocrystalline quartz and plagioclase share a common
source that was not contributing as much detritus to the chert facies as
to the plagioclase facies.

Monocrystalline quartz and plagioclase

comprise an average of 38% and 28% respectively, in the plagioclase
facies, and 24% and 9%, respectively, in the chert facies.

Other grain

categories in the chert facies are roughly analogous with those in the
plagioclase facies with respect to relative abundances (Appendix 1), with
the exception of metasedimentary lithic fragments.

Metasedimentary lithic

fragments average 2.6% of the chert facies (as compared to an average of
.21% in the plagioclase facies), suggesting an association between chert
and metasedimentary lithic fragments in the source area.
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However, the

amount of metasedimentary lithic fragments in the chert facies is quite
variable, ranging from 0% to 10.75% (Appendix 1), so a direct correlation
between metasedimentary lithic fragments and petrofacies cannot be drawn.

Mixed Facies
Five saiiples fall into the mixed facies, three of vdiich are
feldspathic arenites, two of vdiich are lithic arenites (Appendix 1).
These five samples are characterized by approximately equal amounts of
plagioclase and polycrystalline quartz, and have an average P/P+Qp ratio
of .48.

Because these samples do not fall into either the plagioclase or

chert facies, they have been separated into a distinct petrofacies.

Grain

categories in the mixed facies are similar to those of the plagioclase and
chert facies, with the exception that plagioclase and polycrystalline
quartz occur in roughly equal amounts.

Discussion
The grain type used to distinguish among the petrofacies is
polycrystalline quartz, primarily chert and recrystallized chert.
Distinguishing between polycrystalline quartz and siliceous volcanic
lithic fragments can be very difficult in thin-section.

The criteria used

in this study to distinguish these two grain types have already been
discussed.

I believe that the vast majority of the ambiguous grains are

chert, especially considering the rarity of quartz or feldspar phenocrysts
within siliceous grains.

However, the thin-sections are readily available

at WWU, and the reader is invited to decide for her/himself.
Rock types in addition to sandstone present within the northeastern
portions of the Blue Mountain unit include pebbly sandstone and
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conglomerate northeast of Blue Mountain (unit Tt«ic of Tat)or and Cady,
1978a) and very rare silty, sparse to packed biomicrite grading to
fossiliferous limey siltstone (Figure 15).

Very rare beds of gray

limestone were observed in the field but were not examined
petrographically.

The pebbly sandstone and conglonerate were examined

petrographically but not point-counted and appear to mirror the general
conposition of the sand petrofacies.

The pebbly sandstone and

conglonerate cont2dji rounded pebbles of chert, altered basalt, dacite, and
sedimentary lithic fragments.

The presence of dacite clasts brings up

again the problem of distinguishing between chert and siliceous volcanic
lithic fragments , but note the presence of quartz and feldspar
phenocrysts in a typical dacite clast (Figure 16).

However, in fine-sand-

sized occurrences of dacite, phenocrysts may not be present; that is, only
the groundmass of a dacite volcanic fragment may conprise a lithic
fragment.

But in these instances, the grain should take the feldspar

stain, contain micro-phenocrysts, or possibly exhibit a glassy texture.
Although some siliceous volcanic lithic fragments may have been counted as
chert, significant misidentification is unlikely.

Note also that the

conglomerate in vhich the dacite clasts are found may be progradational
(see Provenance) and could conceivably have tapped different or additional
sources than do previously deposited sediments of the Blue Mountain unit.
The silty, sparse to packed bianicrite to fossiliferous limey
siltstone consists of foraminifera, v^ich are usually broken and abraded
and partially to corpletely replaced by calcite, and minor epiclastic
grains set in a silty micritic to limey silt matrix.

These rocks occur as

turbidites that are visually indistinguishable fron fine- to medium
grained sandstone in the field and were discovered to be carbonate-bearing
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Figure 15.

Photomicrograph of fossiliferous siltstone.
Note the zoned plagioclase.
25x.
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Crossed polars,

Figure 16.

Photomicrograph of a dacite clast from
conglomerate near Blue Mountain.

Note the

presence of phenocrysts. Crossed polars, 32x.
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only upon petrographic examination.

Becaiise of the lack of distinguising

characteristics in the field, the extent of this rock type in the Blue
Mountain unit is unknown.

Its extent is suspected to be minor because, of

approximately 60 sandstone samples fron as many sites examined
petrographically during the course of this stucty, "sandstones” frcxn only
three localities proved to be fossiliferous carbonates.

However, these

rocks are significant in that they are highly fossiliferous and contain
euhedral zoned plagioclase.

These two characteristics are quite distinct

from those of the epiclastic petrofacies of the Blue Mountain unit.

The

presence of conspicuous very fresh, zoned plagioclase is perplexing;
zoned plagioclase is not observed in the epiclastic facies, vhich suggests
that zoned plagioclase is being preferentially preserved in the carbonate
bearing facies.

It does seem unlikely, however, that any significant

amount of zoned plagioclase in the epiclastic facies would be completely
obliterated by diagenetic processes, especially since fresh unzoned
plagioclase is present.

In any case, the amount of euhedral zoned

plagioclase is minor in a rock type that is also minor.

Diagenesis
With the exception of corpaction, the Blue Mountain unit is not
greatly affected by diagenesis, probably due to the relative lack of
clayey matrix and unstable lithic fragments.

Compaction has led to the

deformation of fine- grained sedimentary lithic fragments into
pseudcmatrix and the deformation of detrital mica grains about more
resistant grains.

As discussed above, silt-sized protomatrix, epimatrix,

and orthomatrix are all present, with protcmatrix being the most abundant.
Clay minerals were ccxnmonly observed; they are probably diagenetic in
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origin and primarily the result of alteration of unstable lithic
fragments.

Conpaction and the presence of protcmatrix, clay minerals, and

less common epimatrix and orthomatrix result in a porosity that is close
to zero.
With the exception of rare calcite cement, cement is absent in the
Blue Mountain unit.

Barely, quartz veins were observed both in thin-

section and in the field.

These quartz veins may have been introduced

into the Blue Mountain unit during the quartz veining event in the Olympic
Core dated at 17 Ma by Tabor (1972).
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Provenance

Introduction
Because no reliable paleocurrent indicators were observed in the
field by the author, provenance of the northeastern portions of the Blue
Mountain xanit is determined primarily on petrographic evidence and on
paleocurrent indicators reported by Snavely and Wagner (1963), which
indicate that at.least part of the Blue Mountain unit was derived from the
north and northeast.

A noirtheasterly source is also indicated by the

existence of coarser grained depositional facies in portions of the Blue
Mountain unit northeast of Blue Moiontain (unit Tbmc of Tabor and Cady,
1978a), compared to Blue Mountain unit exposures on the north and east
sides of the Olympic Peninsula (see Depositional Environment).

The Blue

Mountain unit prdoably had a North American source located roughly to the
rrartheast, rather than having as a source some cryptic terrane to the west
that has since been transported away via some tectonic mechanism.
Furthermore, the lack of poleward displacement demonstrated by
paleocnagnetic studies in the Crescent terrane (see TBCTC^ICS) suggests
that the Blue Mountain vmit formed essentially in place, assuming that the
Blue Mountain unit comprises the stratigraphic base of the Crescent
Formation (see Contact Relationships).

With these constraints in mind,

possible source terranes for the Blue Mountain unit most likely consist of
those pre-Tertiary terranes north and east of the Olympic Peninsula (see
Appendix 3).

While three epiclastic petrofacies are recognized in

northeastern portions of the Blue Mountain unit, only the plagioclase
facies and the chert facies need be considered for provenance
determination, as the mixed facies is simply a combination of the first
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two.

The plagioclase facies and the chert facies clearly have different

sources.

No lateral discontinuity between the petrofacies exists in the

field (a situation illustrated in Figiire 17).

That is, the petrofacies

were found to be distributed in a non-systematic manner (see Appendix 1).
Why do the plagioclase facies and the chert facies remain distinct?
That is, v^y are northeastern portions of the Blue Mountain unit not
characterized by a single petrofacies, vhich would be expected to be
similar to the mixed facies?

Certainly, sediments from the two distinct

source areas were not significantly mixed by subaerial fluvial processes.
As discnssed below, the placioclase facies was probably derived fran the
Coast Plutonic Complex, the chert facies from the Northwest Cascades
System (prc±>ably terranes of the San Juan Islands).

Sediments derived

from the Coast Plutonic Cotplex (plagioclase facies) may have been
transported via fluvial and deltaic processes to a major submarine canyon,
vhile sediments derived from the Northwest Cascades Systan (chert facies)
may have been supplied to the basin via submarine canyons that were
tributary to the major submarine canyon, or as turbidity flows directly
off the shelf into the major submarine canyon.

This mechanism of

providing sediments to the basin would have limited the amount of mixing
between the two sources.

Plagioclase Facies
The plagioclase facies is characterized primarily by monocrystalline
quartz and plagioclase of plutonic origin, strongly suggesting that the
source for this facies is a dissected magmatic arc.

The lack of potassium

feldspar indicates that this arc was tonalitic or dioritic in coirposition.
Two possible source regions can be delineated, the Coast Plutonic Conplex
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Figure 17.

Overlapping submarine fans with different source
areas.

In a depositional environment such as

this, a lateral discontinuity between petrofacies
would be expected to be observed in the field.
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and batholiths of the Cascade Crystalline Core.

The lower Eocene Swauk

and Manastash Formations unconformably overlie pre-Tertiary rocks of the
Cascade Crystalline Core (Tabor and others, 1984), implying uplift and
exposure of at least some of the Cascade Crystalline Core by the early
Eocene.

However, Johnson (1982, Chapter 1, pgs. 64-65) summarized

evidence that the Cascade Crystalline Core was not undergoing significant
erosion during the Eocene, and that the early Eocene basal portion of the
Chuckanut Formation was derived from crystalline roc)cs in northeastern
Washington and southeastern British Columbia.

Futhermore, ubiquitous 45

Ma potassium/argon dates suggest a thermal metamorphic event in the
Cascade Crystalline Core during the Eocene (S. Babcock, oral
communication, 1987).

While not conclusive, the available evidence

suggests that the Cascade Crystalline Core was undergoing only local
uplift in the Eocene and is probably not a primary source for the
placioclase facies.

0
The Coast Plutonic Complex south of latitude 52 N is a more likely
source for the Blue Mountain unit and consists predominantly of, in
decreasing abundance, quartz diorite, tonalite, diorite, granodiorite, and
quartz monzodiorite (Roddick, 1983, Table 2).

Furthermore, the Coast

0
Plutonic Complex south of latitude 52 N contains an average of only 5.2%
potassium feldspar (Roddick, 1983, Table 3).
predominant phases are also quartz-poor.

Of course, most of the

However, the relative enrichment

of quartz to plagioclase in the plagioclase facies v/hen compared to a
Coast Plutonic Complex source area would be expected considering the
greater mechanical and chemical stability of quartz relative to feldspar
under surface conditions.

Current directions as reported by Snavely and

Wagner (1963), sedimentary petrography, and the moderate textiiral maturity
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of detrital grains in northeastern portions of the Blue Mountain unit are
consistent with the Coast Plutonic Complex being a primary source area for
the plagioclase facies.
Problems with this interpretation include the lack of hornblende in
the plagioclase facies, the presence of granitic plutons in the southern
Coast Plutonic Conplex near Vancouver (S. Babcock, oral ccsiununication,
1987), and uncertainty as to the uplift history of the southern-most rocks
of the Coast Plutonic Complex.

Roddick (1983) stated that, on average,

the southern Coast Plutonic Complex contains approximately 17% mafic
minerals, of which hornblende is the doninant phase.

Hornblende does not

exist in the plagioclase facies, but hornblende is an unstable mineral
under surface conditions (more so than epidote) and may have been
eliminated during transport.

In any case, the evidence that the

plagioclase facies was derived from a tonalitic to dioritic magmatic arc
is compelling; and, because any tonalitic to dioritic arc is likely to
have an amphibole as a mafic phase, it must be assvimed that the anphibole
was lost diaring transport.

Granite is present in the southern Coast

Plutonic Complex, and is of course a potassium feldspar-rich phase; but it
is not areally abundant (Roddick, 1983).

The granite conceivably may not

have been exposed in the early to middle Eocene, or it may have been
shedding sediments to a basin other than that of the Blue Mountain unit.
Uplift of the southern Coast Plutonic Complex in the Eocene is suggested
by the Eocene portion of the Burrard Formation near Vancouver, British
Columbia, ^ich is derived from and unconformably overlies plutonic rock
of the Coast Plutonic Complex (Rouse and others, 1975).

The Eocene

portion of the Burrard Formation is a nonmarine arkose (G.E. Rouse,
written ccxnmunication, cited in Johnson, 1982, pg. 54) and may be the
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subaerial equivalent of the plagioclase facies.

Uplift of the southern

Coast Plutonic Cotiplex is also indicated by late Eocene zircon fission
track dates in the Pemberton area (Parrish, 1983).

Fission tracks in

zircon will anneal v^en the rock containing the zircon rises above the

0
175 C

0
20 C isotherm (Parrish, 1983).

Finally, Johnson (1982, Chapter 1)

interpreted the middle to upper Eocene Padden Member of the Chuckanut
Formation to be derived from the Coast Plutonic Complex.

Considering the

petrology of the plagioclase facies and available evidence with respect to
uplift history, the Coast Plutonic Complex appears to be a reasonable
source for the plagioclase facies.
Abundant sub-tropical plant fossils in the lower to upper Eocene
Chuckanut Formation indicate a warm, humid climate in the Pacific
Northwest in the Eocene (Pabst, 1968).

Abundant plagioclase in the

plagioclase facies suggests moderate to high relief in the source area,
presumably the Coast Plutonic Complex, to allow erosion, transport, and
deposition in the marine environment before the plagioclase could be
altered under sub-tropical conditions.

However, the plagioclase was

observed to be variably altered, sometimes intensely, and the lack of
unstable minerals such as hoirblende suggests the presence of areas of
only moderate relief in the source area.

The source area may then best be

characterized as having moderate to high relief in a warm, humid climate.
Perhaps detritus derived from the Coast Plutonic Complex was
intermittently trapped in low-lying subaerial basins, possibly in the
Burrard fluvial system, prior to remobilization to the marine environment.

Chert Facies
The chert facies is characterized by polycrystalline quartz, most of
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vAiich is chert or recrystallized chert.

As previously discussed, the

chert facies and the plagioclase facies are derived from different source
areas and were not mixed significantly prior to final deposition.

It

seems likely that the chert facies is derived from chert-bearing terranes
in the Northwest Cascades System.

Evidence that these terranes were

ej^sed during the Eocene is provided by the nonmarine Chuckanut Formation
of Eocene age, v^ich onlaps most of the terranes of the Northwest Cascades
portion of the Northwest Cascades System (Brown and others, in press).
Terranes of the San Juan Islands portion of the Northwest Cascades System
were exposed in the Late Cretaceous and shedding sediments to the Nanimo
Group (Pacht, 1984; Brandon and others, in press) and may still have been
exposed during the Eocene.
A prdDlem in defining a source for the chert facies is that
terranes of the Noirthwest Cascades System contain lithologies other than
chert, typically metamorfiiosed basalt, andesitic flow rocks, and arcderived sediments.

While detrital grains of these lithologies do exist in

the chert facies, as well as the other epiclastic facies, they are not
nearly as abundant as chert.

Furthermore, the terranes of the Northwest

Cascades contain high-pressure mineral assemblages, including glaucophane,
lawsonite, and aragonite, that are not present in any of the petrofacies
of the Blue Mountain unit.

However, in their study of modem sediment

ccarpositions in the Nooksack River, vhich drains the present-day North
Cascades, Suczek and others (1982) did not observe high-pressure minerals
(C. Suczek, oral communication, 1987).

Eocene deposition of the fluvial

Chuckanut and Burrard Formations and the deltaic to marine Puget Group
(Buckovik, 1979), ccxrbined with the presence of coal and a northeastern
Washington source for these two units (Johnson, 1982; Buckovick, 1979),
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suggests that northwestem-most Washington and southwestern-most British
Columbia was a low-lying coastal plain in the Eocene (Snavely and Wagener,
1963; Tabor and others, 1984).

The prc±»able lack of regional uplift in

the North Cascades (Johnson, 1982) supports this interpretation.

As

already discussed, the climate in the Eocene was warm and humid.

Chert

and quartz might have been concentrated relative to other lithologies in
this environment.

Evidence for this interpretation can be seen at the

contact between the Chuckanut Formation and underlying Barrington Phyllite
along 1-5 east of Lake Samish.

Although phyllite clasts are present, the

basal conglomerate of the Bellingham Bay Member of the Chuckanut Foimiation
at this locality consists dominantly of pebble-sized clasts of vein quartz
derived from the Barrington Phyllite.

So perhaps the chert in the Blue

Mountain unit was derived fron the Northwest Cascades System, and other
lithologies were preferentially removed due to topography and climate.
A final question is, from vhat specific terranes in the Northwest
Cascades System was the chert pr<±iably derived?

Johnson (1982, Chapter 1,

pg.69; 1984a) explored the possibility that the Blue Mountain unit might
be the marine equivalent of the Chuckanut Formation, but he discounted a
direct correlation on the grounds that the Blue Mountain unit contains
more total quartz, polycrystalline quartz, and chert than does the
Chuckanut Formation.

However, as is substantiated by this study, two

distinct petrofacies exist in northeastern portions of the Blue Mountain
unit, one plagioclase-rich, one chert-rich.

Because the plagioclase and

chert facies have different sources, it is possible that the plagioclase
facies could be the marine equivalent of the lower to middle Eocene
Bellingham Bay Member of the Chuckanut Formation.

Johnson's conclusion

may have been biased by not having enough sanples available to distingiiish
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the two petrofacies.

However, his interpretation may be correct, because

the Chuckanut Formation contains more potassium feldspar than does the
Blue Mountain unit (Johnson, 1982, Appendix B; see Comparative
Petrography).

Therefore it seans unlikely that chert in the Blue Mountain

unit is derived from the Northwest Cascades, which act as basement for the
Chuckanut Formation.

In other words, any chert supplied to the Blue

Mountain unit from the Northwest Cascades must have passed through the
Chuckanut fluvial system, and such passage does not seen likely
considering the comparative petrography of the Blue Mountain unit and the
Chuckanut Formation.

A more likely source is the terranes of the San Juan

Islands, possibly the chert-rich Deadman Bay terrane (Brandon and others,
in press; see Appendix 3).

Another advantage of San Juan terranes as

source for the chert facies is that these terranes are presently outboard,
and have probably been outboard since the Late Cretaceous, of the Coast
Plutonic Complex, which would have the affect of limiting the amount of
subaerial mixing of the two primary source areas.

In fact, the terranes

of the San Juan Islands conceivably could have been located at the Eocene
shoreline and may have provided stable minerals such as chert directly to
the marine environment without intermediate fluvial transport.

Direct

supply of chert to the Blue Mountain unit could have been acconplished by
longshore drift acting to move sediments to the head of a submarine
channel without fluvial transport, lessening the amount of subaerial
mixing between the chert facies and the plagioclase facies.
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Comparative Petrography

As discussed above, Johnson (1982; 1984a) explored the possiblity
that the Blue Mountain unit might be the marine equivalent of the
Chuckanut Formation.

Considering age and petrographic constraints, the

appropriate units to compare petrographically are the plagioclase facies
of the lower to middle Eocene Blue Mountain unit and the lower to middle
Eocene Bellingham Bay Member of the Chuckanut Formation.

Ternary diagrams

ccmparing these two units based on the data of Johnson (1982) and this
study are presented in Figure 18.
appear to be equivalent.

At first glance, the two units do not

But in the QFL and QmFLt diagrams, the skewing

of the Blue Mountain unit data towards the lithic and total lithic apecies
is due in large part to the presence of sedimentary lithic fragments (see
Appendix 1) that are probably primarily intrabasinal in nature.

Removal

of this effect would pull the data for the Blue Mountain unit closer to
the QF and QmF lines, more in agreement with the data for the Bellingham
Bay Member.

However, the QmPK diagram shows the Bellingham Bay Member to

have more potassium feldspar than does the plagioclase facies of the Blue
Mountain unit.

The effect of greater amounts of potassium feldspar in the

Bellingham Bay Member can also be seen in the QFL and QmFLt diagrams,
where the data for the Bellingham Bay Member are skewed towards the
feldspar apex, although part of this skewing is prcbably due to the
greater percentage of quartz one would expect downdip from a nonmarine
sandstone unit in a s\jb-tropical environment.
In any case, the Bellingham Bay Member of the Chuckanut Formation
contains more potassium feldspar than does the plagioclase facies of the
Blue Mountain unit, and therefore the two units are probably not
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Qm

i

equivalent.

Pettijohn and others (1972, pg.34) stated that potassium

feldspar is more stable under sedimentary conditions than is plagioclase,
so it is unlikely that potassium feldspar was preferentially removed in
the Blue Mountain unit.
Based on age and geographic position, two other fluvial sedimentary
units that could be considered as nonmarine equivalents of the plagioclase
facies of the Blue Mountain unit are the lower Eocene Swauk Formation and
the lower Eocene Manastash Formation (Tabor and others, 1984).

Point-

count data from Frizzell (1979) are used in corrparing these two units to
the plagioclase facies of the Blue Mountain unit.

Although there is some

overlap of Swauk and Blue Mountain unit data on the QFL and QmFLt
diagrams, the Swauk Formation contains more potassium feldspar than does
the plagioclase facies (Figiare 19).

The petrology of the Manastash

Formation overlaps that of the plagioclase facies of the Blue Mountain
unit on the QFL and QmFLt diagrams, but, again, the Manastash Formation
contains more potassium feldspar than does the plagioclase facies (Figiare

20).
Primarily based on the lack of potassium feldspar in the plagioclase
facies of the Blue Mountain unit, the Blue Mountain unit probably is not
equivalent to the early to middle Eocene nonmarine sedimentary units of
western Washington.

Should a mechanism v^ereby potassium feldspar is

preferentially removed with respect to plagioclase in a subaerial or
diagenetic environment be pointed out, this interpretation should be
reconsidered.
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TBCTCNICS

Introduction

The Oregon-Washington Coast Range consists of two primarily basaltic
terranes, the Crescent terrane and the Siletz terrane.

The basement of

the Crescent terrane consists of the Pranethesus Volcanics and Metchosin
Formation on Vancouver Island, the Crescent Formation on the Olympic
Peninsula, and the Black Hills and Willipa Hills volcanics in southwest
Washington.

The basement of the Siletz terrane consists of the Siletz

River Volcanics and the Roseburg Formation of Oregon.

The basalts are

late Paleocene to middle Eocene, ranging in age from approximately 62 Ma
to 49 Ma (Duncan, 1982).
As discussed in a previous section (see REGIONAL GEOLOGY: ORBGONWASHINGTCN COAST RANGE), the Crescent Formation in the Olympic Peninsula
and possibly the Roseburg Formation in Oregon are interbedded with
continentally-derived sedimentary rocks (Tabor and Cady, 1978a; Baldwin,
1974).

Futhermore, the basalt of the Crescent terrane in the Olympic

Peninsula is depositionally underlain by the continentally-derived Blue
Mountain unit (Tabor and Cady, 1978a; this study).

Both the Black Hills

and Willapa Hills volcanics are interbedded with continentally-derived
sediments in the upper stratigraphic portions of the basalts (Globerman
and others, 1983; Wells and Coe, 1985).

As has been previously recognized

(Cady, 1975; Tabor 1975, Wells and others, 1984), the presence of
continentally-derived sediments interbedded with basalt of the Crescent
and Siletz terranes requires these two terranes to have formed near North
America.
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The Crescent and Siletz terrenes were interpreted by Snavely and
Wagner (1963) to have formed essentially in place, in a eugeosynclinal
basin.

Following the advent of plate tectonic theory and the discovery of

clockwise rotations in the Coast Range, the Crescent and Siletz terranes
were reinterpreted to have formed on either the Kula or Farallon plates in
the late Paleocene to middle Eocene and to have been subsequently accreted
to North America in the middle Eocene (Simpson and Cox, 1977; Magill and
others, 1981).

Snavely and others (1968) considered the Siletz River

Volcanics to be MORE basalts formed at a mid-oceanic ridge.

Cady (1975)

suggested that the Crescent Formation of the Olympic Peninsula consisted
of MORE basalt overlain by Hawaiian-type (hotspot) basalt.

Duncan (1982)

suggested that basalt of the Crescent and Siletz terranes were formed by a
ridge-centered hotspot; Muller (1980) pressed a similar model for the
Metchosin Formation.

Plimley (1980) proposed that the Crescent and Siletz

terranes formed at leaky transform faults associated with plate
reorganizations.

Most of these models call for the Crescent and Siletz

terranes to have originated near the North American margin, to account for
the presence of the Elue Mountain unit, other interbedded continentallyderived sediments, and the presence of dioritic boulders in the lower
basaltic member of the Crescent Formation of the Olympic Peninsula
(reported by Cady, 1975).
An important constraint that has not been rigorously addressed in
these models is the lack of poleward displacement measured in the basaltic
basement of the Crescent and Siletz terranes.

Figure 21 shows the results

of four palecmagnetic studies in the basement basalt of the Crescent and
Siletz terranes.

The Siletz River Volcanics of the Siletz terrane and the

Elack Hills and Eremerton-Port Townsend volcanics of the Crescent terrane
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Figure 21.

Measured inclinations for basement basalts of
the Oregon-Washington Coast Range.

SRV = Siletz

River Volcanics (Simpson and Cox, 1977); WH =
Willipa Hills volcanics (Wells and Coe, 1985);
BH = Black Hills volcanics (Globerman and others,
1982); BP = Bremerton-Port Townsend volcanics
(Beck and Engebretson, 1982).
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have not vandergone significant poleward displacement.

The shallow

measured inclination of the Willipa Hills volcanics of the Crescent
o
terrane is barely significant, with a small poleward displacanent of 5.0
o
4.8

(Vfells and Coe, 1985).

In general, the basaltic basement and younger

overlying rocks of the Oregon-Washington Coast Range are considered to
have undergone little, if any, poleward displacement (Beck, 1980, Table 1;
Magill and others, 1981, Table 3).

Beck (1984) argued that the persistent

flattening of inclinations observed in the Oregon-Washington Coast Range
>hen compared to the North American apparent polar wander path suggest
that the Coast Range has undergone about 350 km of poleward displacement.
Becks contention that the Oregon-Washington Coast Range has undergone some
poleward motion is supported by the results of the LITHOPROBE studies on
Vancouver Island that have shown the Leech River Fault be be an east-west
trending, north-dipping thrust, emplacing basalt of the Crescent terrane
beneath previously accreted terranes of Vancouver Island (Yorath and
others, 1985a; 1985b; Clowes and others, 1987).

However, the Kula and

Farallon plates were probably moving very rapidly both poleward and
perpendicular to North America during the early Paleogene (Engebretson and
others, 1984; Engebretson and others, 1985).

As discussed in detail

below, under certain conditions, origin of the Crescent and Siletz
terranes on the Kula or Farallon plates appears to result in more poleward
displacement than is observed for these two terranes, and such an origin
is difficult to reconcile with the presence of continentally-derived
interbedded sediments.
The primary question that this section will address is as follows: is
the origin of the Crescent and Siletz terranes on the Kula or Farallon
plates consistent with relative plate motions, the lack of poleward
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displacement, and the presence of continentally-derived interbedded
sediments?

With scxne reservation (because uncertainties are large), I

believe the answer to this question is no, and I tend to favor a marginal
basin origin for the basalt of the Crescent and Siletz terranes.
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Plate Kinematics

Constraints and Uncertainties
Two primary constraints need to be considered vdien testing an origin
on the Kula or FaralIon plates for the Crescent and Siletz terranes: age
of origin of the terranes and time of accretion to North America.

The age

of the exposed basaltic basement of the Crescent and Siletz terranes
ranges frcxn late Paleocene to middle Eocene.

This age-span has been

determined from both paleontologic (Baldwin, 1947; 1974; Tabor and Cady,
1978a) and radic«netric (Duncan, 1982) data.

Duncan (1982) proposed that

the basalts are oldest (about 62 Ma) at the northern and southern extroiies
of the Oregon-Washington Coast Range, and younger near the center (about
49 Ma).

However, P.D. Snavely (oral communication, cited in Wells, 1982)

suggested that the age progression reported by Duncan (1982) may be the
result of the sampling of different stratigraphgic levels within the
basaltic basement in different areas.

In any case, the age-span reported

by Duncan (1982) indicates that the underlying mechanism behind the origin
of the basaltic basement of the Crescent and Siletz terranes was active
for about 13 million years.

The age of origin of the basalt is very

iirportant vAien modeling the travel history of the Crescent and Siletz
terranes on the Kula or Farallon plates, because the older the basalts
are, the longer they would have ridden on oceanic plate prior to accretion
to North America.
Modeling the origin of the Crescent and Siletz terranes on the Kula
and Farallon plates requires a time of accretion to North America to
constrain when the terranes ceased being transported to a significant
extent on oceanic plate. It is certain that there has been convergence
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between the Crescent and Siletz terranes and North America.

The Metchosin

Formation of the Crescent terrane is thrust beneath older terranes of
Vancouver Island (Clowes and others, 1987), and the Roseburg Formation of
the Siletz terrane contains isoclinal folds and thrust faults (Baldwin,
1974; Pertuu and Benson, 1980).

In this stucfy, isoclinal folds were

observed in the Blue Mountain unit.

Evidence for convergence is

consistent with the Crescent and Siletz terranes having formed on the Kula
or Farallon plates, but does not require formation on these plates.

Wells

and others (1984) suggested that, if the Crescent and Siletz terranes
formed as a marginal basin associated with oblique subduction of the Kula
plate; as the Kula-FaralIon-North American triple junction migrated north
(Engebretson and others, 1985), the more normal subduction of the Farallon
plate could have collapsed the marginal basin against North America.
The arrival time of the Roseburg Formation of the Siletz terrane is
constrained by the relatively undeformed middle Eocene Lookingglass
Formation, which overlies the Roseburg Formation with angular unconformity
at about 50 Ma (Baldwin, 1974; Magill and others, 1981).

The Siletz River

Volcanics of the Siletz terrane are unconformably overlain by the lyeeFloumoy Formation, which is younger than the Lookingglass Formation, and
as such the Siletz River Volcanics have a younger arrival time than does
the Roseburg Formation, at about 48 Ma.

Alternatively, both the Roseburg

Formation and Siletz River Volcanics arrived at 50 Ma, and the Siletz
River Volcanics are overlain by younger rocks than the Roseburg Formation
because of the (in present-day coordinates) south to north progradational
nature of the Eocene sedimentation pattern in western Oregon (Baldwin,
1974).
The arrival time of the Willipa Hills volcanics of the Crescent
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terrane is constrained by the overlying middle Eocene Skookumchuck
Formation, which onlapped the Willipa Hills volcanics with angular
unconformity at about 48 Ma (Wells and Coe, 1985).

The upper

stratigraphic portions of the basalt in the Willipa Hills is interbedded
with continentally-derived sediments (Wells and Coe, 1985), indicating
proximity to, but not a collision with. North America prior to 48 Ma.

The

Black Hills volcanics interfinger with and are overlain by the upper
stratigraphic portions of the middle to upper Eocene McIntosh Formation
(Globerman and others, 1983), roughly constraining arrival to between 48
Ma and 43 Ma, although there is no evidence for collision.

In the Olympic

Peninsula, basalt of the Crescent Formation is overlain by an unnamed
middle Eocene siltstone unit or by the upper Eocene Aldwell Formation (see
PEGICNAL GEOLOGY: ORBGON-WASHINGTCN COAST RANGE), again roughly
constraining arrival to between 48 Ma and 43 Ma.

Reconstructions and Implications
Using the plate model of Engebretson and others (1985), the Crescent
and Siletz terranes can be rotated back to the positions they would have
had relative to North America v^en the terranes formed, assuming the
terranes originated on the Kula or Farallon plates.

The data used to

develop these reconstructions, as well as to develop the modeled
inclinations discussed below, are presented in Appendix 2.

Figures 22 and

23 show reconstructions of the Crescent and Siletz terranes assuming these
terranes formed on the Kula or Farallon plates.
At a glance, these reconstructions do not appear to be consistent
with the lack of poleward displacement observed in the Crescent and Siletz
terranes.

Figxjrre 24 indicates the amount of poleward displacement that
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Figure 22A.

Reconstructed positions of the Crescent and Siletz
terranes assuming a 48 Ma arrival time and origin on
the Kula plate.

Positions of the terranes are

indicated by the dots at two million year intervals.
The Kula-FaralIon-Pacific triple junction is plotted
at its reconstructed position at 62 Ma for reference.
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Figure 22B.

Reconstructed positions of the Crescent and Siletz
terranes assuming a 48 Ma arrival time and origin
on the Farallon plate.
of symbols.
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See Figure 22A for explanation

r
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Figure 23A.

Reconstructed positions of the Crescent and Siletz
terranes assuming a 43 Ma arrival time and origin
on the Kula plate.

See Figure 22A for explanation

of symbols.
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43 M

Figure 23B.

Reconstructed positions of the Crescent and Siletz
terranes assuming a 43 Ma arrival time and origin
on the Farallon plate.
of symbols.
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See figure 22A for explanation

Figure 24.

Modeled poleward displacements for the Crescent and

Siletz terranes.

Figure A assumes a 48 Ma arrival time;

Figure B assumes a 43 Ma arrival time.

Assumed age of

origin of the terranes is plotted along the X-axis relative
to resultant modeled poleward displacement along the Y-axis.
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should be observed in the basaltic basement of the Crescent and Siletz
terranes, in the context of the plate model of Engebretson and others
(1985).

For instance, if the Crescent and Siletz terranes originated on

the Kula plate 62 million years ago and were accreted to North America 48
million years ago, the terranes would have undergone about 2000 kilometers
of poleward displacement, or about 1200 kilc^neters of poleward
displacement had the terranes originated on the Farallon plate (Figure
24A). Alternatively, if the terranes originated on the Farallon plate 55
million years ago and were accreted 43 million years ago, the terranes
would have xmdergone a poleward displacement of about 800 kilcxneters
(Figure 24B).

It is evident that this type of analysis is very sensitive

to the host plate, age of origin of the Crescent and Siletz terranes, and
time of accretion of the Crescent and Siletz terranes to North America.
Another way to attempt to determine if the lack of poleward
displacement observed in the basement basalts of the Crescent and Siletz
terranes is inconsistent with the plate model of Engebretson and others
(1985) is to calculate the inclination that the basalts would have
acquired in their reconstructed positions (modeled inclinations) by using
the dipole formula (see Appendix 2).

These modeled inclinations can then

be ccxnpared with measured inclinations determined paleomagnetically in the
basement basalts to determine if there is a significant difference between
the two data-sets.

Uncertainties include age of origin of the Crescent

and Siletz terranes; arrival time of the terranes; uncertainty associated
with the paleomagnetic study; uncertainty associated with the plate model,
which is about 9 km/my (D.C. Engebretson, oral communication, 1987); and
uncertainty as to which oceanic plate carried the terranes, the Kula plate
or the Farallon plate.

Three representative times of origin for the
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Crescent and Siletz terrenes are assumed; 52 Ma, 56 Ma, and 62 Ma; and two
representative arrival times are assumed: 48 Ma and 43 Ma.
The modeled inclinations for some of the basement basalts of the
Crescent and Siletz terranes have been calculated (see Appendix 2) and are
presented in Figures 25 to 27.

The dashed line represents the mean

measured inclination determined paleomagnetically, vdiile the diagonal
pattern represents the associated uncertainty.

The oval represents the

mean modeled inclination had the terrane formed on the Farallon plate,
with the error bar representing the associated uncertainty inherent in the
plate model.

The dot represents the mean modeled inclination had the

terrane formed on the Kula plate, with the error bar again representing
uncertainty in the plate model.
There is not a significant difference between the measured and
modeled inclinations for the Siletz River Volcanics of the Siletz terrane
(Figure 25A) or the Willipa Hills volcanics of the Crescent terrane
(Figure 25B), assuming an arrival time of 48 Ma.

For the Black Hills

volcanics of the Crescent terrane, there is a significant difference if
the basalt originated on the Kula plate 62 million years ago, assuming a
48 Ma arrival time (Figure 26A).

Assuming a 43 Ma arrival time, the

basalt of the Black Hills could not have formed on the Kula plate under
any circumstances, and it could not have formed on the Farallon plate if
the basalt is as old as about 58Ma (Figure 26B).

Assuming a 48 Ma

arrival, there is not a significant difference between the measiared and
modeled inclinations for basalt of the Bremerton-Port Townsend area
(Figure 27A).

Assuming a 43 Ma arrival, basalt of the Bremerton-Port

Townsend area could not have formed on the Kula plate if the basalt is as
old as about 54 Ma (Figure 27B).
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Figure 25.

Figure A; modeled vs. measured inclinations for the
Siletz River Volcanics.

Figure B: modeled vs.

measured inclination for the Willipa Hills. See
text for explanation of symbols.
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Figure A: modeled vs. measured inclinations for the
Black Hills assuming a 48 Ma arrival time.

Figure

B: modeled vs. measured inclinations for the Black
Hills assuming a 43 Ma arrival time.
explanation of symbols.
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Figure 27.

Figure A: modeled vs. measured inclinations for the
Bremerton-Port Townsend volcanics assuming a 48 Ma
arrival time.

Figure B: modeled vs. measured

inclinations for the Bremerton-Port Townsend
volcanics assuming a 43 Ma arrival time.
text for explanation of symbols.

See

The answer to the question of whether or not origin of the Crescent
and Siletz terranes on the Kula or Farallon plates is consistent with the
lack of poleward displacement is: such an origin is consistant only under
certain conditions of age of origin of the basalt, arrival time, and host
plate.

Even considering the large uncertainties, it appears unlikely that

the terranes could have formed on the Kula plate, although in some cases
it is not impossible.

Origin of the terranes on the Farallon plate is

more likely than on the Kula plate but is still prohibited under certain
conditions.
Another way to look at the reconstructions shown in Figures 22 and 23
is to calculate the great circle distance between the reconstructed
positions of the Crescent and Siletz terranes and the nearest point on
North America, to determine if the reconstructed positions of the terranes
are consistent with the presence of interbedded continentally-derived
sediments.

Figure 28 indicates the great circle distance between the

reconstructed positions of the Crescent and Siletz terranes and the
nearest point on North America, measured against an assumed age of origin
for the terranes.

The present day outline of North America was used to

determine these distances, which is prcA)ably conservative in that it does
not take into account Cenozoic extension in the western United States or
the opening of the Gulf of California.

Assxjming that basalt of the

Crescent and Siletz terranes ranges in age from 49 Ma to 62 Ma (Duncan,
1982) and that the terranes were accreted to North America at 48 Ma, the
terranes were from 100 kilometers to 1500 kilometers off the west coast of
North America vdien they formed (Figure 28A).

Assuming an arrival time of

43 Ma, the Crescent and Siletz terranes were frcxn 500 to 2200 kilometers
off the west coast of North America when they formed (Figure 28B).
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This

Figure 28.

Figure A: great-circle distance to North America for the

Crescent and Siletz terranes assuming a 48 Ma arrival time.
Figure B: great-circle distance assuming a 43 Ma arrival
time.
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type of analysis applies best to the Blue Mountain unit, which
depositionally underlies basalt of the Crescent terrane in the eastern
Olympic Peninsula.

If we assume that the basalt of the Crescent terrane

in the Olympic Peninsula originated at about 55 Ma (Duncan, 1982) and was
accreted to North America at 48 Ma, the depositional system that would
have been feeding the Blue Mountain unit extended about 800 kilometers off
the coast of North America (Figure 28A).

Assuming a 43 Ma arrival time,

the depositional system would have extended about 1200 kiloneters out fron
North America (Figure 28B).

These distances are measured from the nearest

point along the North American margin, generally somewhere along the
present-day outline of California and not from the proposed source area
for the Blue Mountain unit (see THE BLUE MOUNTAIN UNIT) in the Coast
Plutonic Complex and Northwest Cascades System.

Assuming the source area

for the Blue Mountain unit has been properly identified, the distances
indicated in Figure 28, vdien applied to the Blue Mountain unit, are
conservative.
Although uncertainties of about ^ 500 kilometeers associated with
the plate model can be placed about the reconstructed data points of
Figure 28, at least part of this uncertainty is balanced by Cenozoic
extension in the western United States.

The distances that the

depositional system feeding the Blue Mountain unit had to extend in the
context of this study are not unreasonable, considering that the Bengal
Fan has a length of 3000 kilometers (Leeder, 1982, Table 25.1).

But as

the Crescent and Siletz terranes encroached on North America, an
accretionary prism should have been developed between the terranes and
North America (Figure 29), which is not observed at the surface today.
The answer to the question of whether or not origin of the Crescent
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Olympic Peninsula

Puget Sound

B
Figure 29.

Hypothetical illustration of the development
of an accretionar-^ prism inboard of the Crescent
terrane as the terrane collides with North
America.
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and Siletz terranes on the Kula or Farallon plates is consistent with the
presence of continentally-derived interbedded sediments, especially the
Blue Mountain unit, is; probably not, although uncertainties preclude
giving a definitive answer.
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A Marginal Basin Origin?

Wells and others (1984), Brandon and Massey (1985), and Clowes and
others (1987) have proposed a rifted continental margin origin for the
Crescent and Siletz terranes, perhaps in a tectonic environment similar to
the present-day Gulf of California or Andaman Sea.

A rifted continental

margin model for the origin of the Crescent and Siletz terranes has the
advantage of not requiring large amounts of displacement on the Kula or
Farallon plates, with the inherent difficulties associated with these
displacements, as discussed above.

If the Crescent and Siletz terranes

originated along the continental margin of North America, inboard of the
Kula and Farallon subduction zones, the terranes would be expected to have
continentally-derived sedimentary interbeds and would be expected to have
undergone little, if any, poleward displacement.

Of course, there are

problems associated with a rifted-continental-margin origin for the
Crescent and Siletz terranes.

These models assume spreading centers

produced the basement basalts (Wells and others, 1984; Clowes and others,
1987).

The anomalously thick basalt of the Crescent and Siletz terranes,

up to 15 kilometers thick in the Olympic Peninsula (Tabor and Cady,
1978a), is unlikely to have originated at a spreading center.

As

mentioned above, it is possible that the basalt of the Crescent terrane in
the Olympic Peninsula has been tectonically thickened, but the structures
to accomadate this thickening have not been mapped.

Wells and others

(1984) suggested that the rifted continental margin may have overlain the
Yellowstone hotspot, vdiich could have resulted in anomalously thick
basalt.

This theory is consistent with a plume-enriched MORE origin for

the basalt as suggested by Ken Clark (thesis in progress).
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But during the

Paleocene and Eocene, the North American plate was moving southwest at
about 48 km/my relative to the hotspots {Wells and others, 1984).
Considering that the Oregon-Washington Coast Range is only about 100
kilometers wide from east to west, lanless the hotspot was able to maintain
a conduit to the rifted continental margin as the hotspot was overrun by
North America, the hotspot would not long have been able to contribute to
the Coast Range basalts.

Furthermore, it is difficult to imagine basalt

formed in a rift zone flowing over and covering the submarine fan
represented by the Blue Mountain unit, although Davis (1982) described
basaltic submarine flows originating frcxn the present-day Juan de Fuca
ridge near its intersection with the North American plate that extend for
up to 60 kilometers over sediments.

Finally, the western portion of the

rifted continental margin vhich must ultimately be transported to the
north would be expected to have provided detritus to the marginal basin,
especially if the western portion carried a volcanic arc, as suggested by
Clowes and others (1987).

There are no reported west-to-east depositional

systems in the Oregon-Washington Coast Range, even when corrected for
tectonic rotation; and sediments that directly overlie basement basalts of
the Oregon-Washington Coast Range are epiclastic rather than pyroclastic.
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Discussion

Although uncertainties are large, constraints based on plate
kinenatics suggest that origin of the Crescent and Siletz terranes on the
Kula or Farallon plates is unlikely.

It is especially difficult to

reconcile the presence of continentally-derived sediments interbedded with
basalt of the Crescent and Siletz terranes with origin on the Kula or
Farallon plates.

The presence of continentally-derived sediments

interbedded with the upper stratigraphic portions of the Willipa Hills and
Black Hills volcanics could be the result of encroachment of the Crescent
terrane on North America, but this interpretation would require the source
of the basalts to move relative to North America at Kula or Farallon
rates.

Certainly, the presence of the Blue Mountain unit at the base of

the Crescent terrane in the Olynpic Peninsula is difficult to reconcile
with relative plate motions.
The lack of poleward displacement in the basement basalts of the
Crescent and Siletz terranes does not prove to be a definitive constraint
under rigorous analysis.

But, if we assume that a common mechanism formed

the entire basaltic portion of the Coast Range, the fact that under
certain conditions an origin on the a Kula or Farallon plates is
prohibited by plate kinematic constraints suggests that none of the basalt
could have originated on these two plates.
The alternative models for origin of the Crescent and Siletz terranes
in sane type of marginal basin are speculative at this time, and they are
unsatisfing in that there is little data in their support.

The data that

I have tried to summarize in this section might cause one to question Kula
or Farallon plate origin for the Crescent and Siletz terranes but do not
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provide evidence that directly supports a marginal basin origin.

However,

primarily based on the presence of the Blue Mountain unit at the base of
the Crescent terrane, I tend to favor a marginal basin model.
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CCMiUSIQNS

In the study area, the Blue Mountain unit represents lower to middle
Eocene continentally-derived sedimentary rocks that depositionally
underlie and interfinger with basalt of the Crescent Formation.

In

places, the contact between the Blue Mountain unit and basalt is disrupted
by later faulting, possibly related to emplacement of the Olympic Core
terr^e.

Sandstone petrography indicates the presence of two distinct

petrofacies.

The plagioclase facies is interpreted to have been derived

from the Coast Plutonic Conplex, and the chert facies from the San Juan
Islands.

Although sedimentary structures were rarely observed, the Blue

Mountain unit probably represents a submarine fan, with deposition
occurring primarily in a middle fan environment.
The Crescent and Siletz terranes have not undergone significant
poleward displacement.

However, uncertainties concerning the age of

origin of the terranes, the time of their accretion to North America, and
uncertainties in the paleomagnetic studies and the plate model are large.
As such, the lack of poleward displacement observed in the Crescent and
Siletz terranes does not prove to be a definitive constraint vrfien modeling
the origin of the terranes.

Nevertheless, a Kula or Farallon plate origin

for the Crescent and Siletz terranes appears to be unlikely and in fact is
prohibited if the terranes originated in the late Paleocene to early early
Eocene and were accreted to North America at or around 43 Ma.
A somewhat more firm constraint is the presence of continentallyderived sedimentary rocks interbedded with and, in the case of the Blue
Mountain unit, underlying the basement basalts of the Crescent and Siletz
terranes.

The reconstructed positions of the terranes at their time of
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origin is not consistant with the presence of these interbedded sediments.
Therefore, I believe that the terranes formed essentially in place in
a marginal basin adjacent to the North American Plate.

The mechanism that

resulted in the extrusion of the Coast Range basalts remains enigmatic,
but continued research with a possible in-place origin for the Crescent
and Siletz terranes in mind will undoubtedly provide data upon v^ich more
precise conclusions can be based.

The Crescent and Siletz terranes

present an outstanding opportunity to investigate the consequences of the
interaction of oceanic and continental plates.

Our future deciphering of

the origin and tectonic history of the Crescent and Siletz terranes will
lead directly to a better understanding of these consequences.

107

REFERENCES

Anderson, K.S., 1985, Sedimentolgy, sedimentary petrology, and tectonic
setting of the lower Miocene Clallam Formation, northern Olympic
Peninsula, Washington: M.S. Thesis, western Washington University,
Bellingham, Washington, 135 pgs.
Ansfield, V.J., 1972, The stratigraphy and sedimentology of the Lyre
Formation northwestern Olympic Peninsula, Washington: Ph.D Thesis,
University of Washington, Seattle, Washington, 130 p.
Armentrout, J.M., Hull, D.A., Beaulieu, J.D., and Rau, W.W., 1983,
Correlation of Cenozoic stratigraphic units of western Oregon and
Washington: Oregon Department of Geology and Mineral Industries, Oil
and Gas Investigation NO.7, 90 pgs.
Armstrong, R.L., 1985, Mesozoic-early Cenozoic plutonism in the Canadian
Cordillera - Distribution in time and space: Geological Society of
America, Cordilleran Section, Abstracts with Programs, V.17, No.7,
p.338.
Babcock, R.S. and Misch, P., 1987, Evolution of the Crystalline Core of
the North Cascades Range: in Ernst, G., ed., Metemorphism and cnostal
evolution of the western United States, Chapter 9, Ruby Volume 7,
Prentice Hall.
Baldwin, E.M., 1947, Geology of the Dallas and Valsetz Quadrangles,
Oregon: Oregon Department of Geology and Mineral Industries Bulletin,
No. 35.
Baldwin, E.H., 1965, Geology of the south end of the Oregon Coast Range
Tertiary basin: Northwest Science, V.39, No.3, p.93-103.

108

Baldwin, E.H., 1974, Eocene stratigraphy of southwestern Oregon: Oregon
Department of Geology and Mineral Industries Bulletin, No. 83, p.l40.
Baldwin, E.H., 1976, Geology of Oregon: Kendall/Hunt Publishing Company,
Dubuque, Iowa, 147 pgs.
Baldwin, E.M. and Beaulieu, J.D., 1973, Geology and Mineral Resources of
Coos County, Oregon: Oregon Department of Geology and Mineral
Resources Bulletin, No. 80, p.1-40.
Baldwin, E.H. and Perttu, R., 1980, Paleogene stratigraphy and structure
along the Klamath borderland, Oregon: in Oles, K.F., Johnson, J.G.,
Niem, A.R., and Niem, W.A. eds.. Geologic field trips in western
Oregon and

southwestern Washington, Oregon Department of Geology and

Mineral Resources Bulletin, No. 101, p.9-37.
Barksdale, J.D., 1975, Geology of the Methow Valley, Okanogan Coianty,
Washington: State of Washington Department of Natural Resources,
Division of Geology and Earth Resources Bulletin, No. 68, 72 pgs.
Bazard, D.R., thesis in progress, Palecmagnetism of the Late Cretaceous
Ventura Member of the Midnight Peak Formation, Methow-Pasayten Belt,
north-central Washington: M.S. thesis. Western Washington University,
Bellingham, Washington.
Beck, M.E., Jr., 1980, Paleonagnetic record of plate processes along the
western edge of North America: Journal of Geophysical Research, V.85,
p.7115-7131.
Beck, M.E., Jr., 1984, Has the Washington-Oregon Coast Range moved
northward?: Geology, V.12, p.737-740.
Beck, M.E., Jr. and Engebretson, D.C., 1982, Paleotagnetism of small
basalt exposures in the west Puget Sound area, Washington, and

109

speculations on the accretionary origin of the Olympic Mountains;
Journal of Geophysical Research, V.87, No.B5, p.3755-3760.
Beck, M.E., Jr. and Plumley, P.W., 1980, Paleomagnetism of intrusive rocks
in the Coast Range of Oregon; Microplate rotations in middle Eocene
time; Geology, V.8, p.573-577.
Beck, M.E., Jr., Burmester, R.F., and Schoonover, R., 1981, Paleomagnetism
and tectonics of the Cretaceous Mt. Stuart Batholith of Washington;
translation or tilt?; Earth and Planetary Science Letters, V.56,
p. 336-342.
Beck, M.E., Jr., Cox, A., and Jones, D.L., 1980, Penrose Conference
Report; Mesozoic and Cenozoic microplate tectonics of western North
America; Geology, V.8, p.454-456.
Berg, J.W. ,Jr., Trembly, L., Emilia, D.A., Hutt, J.R., King, J.M., Long,
L.T., McKnight, W.R., Sarmah, S.K., Souders, R., Thiaivathukal, J.V.,
and Vossler, D.A., Crustal refraction profile, Oregon Coast Range;
Seismological Society of America Bulletin, V.56, p.1357-1362.
Blake, M.C., Engebretson, D.C., Jayko, A.S., and Jones D.L., 1985,
Tectonostratigraphic terranes in southwest Oregon; in Howell D.G.,
ed., Tectonostratigrafdiic terranes of the Circum-Pacific region,
Circum-Pacific Council for Energy and Mineral Resources, Houston,
Itexas, p.147-158.
Brandon, M.T., 1985a, Mesozoic melange of the Pacific Rim Ccsnplex, western
Vancouver Island; Geological Society of America, Cordilleran Section
Meeting, Vancouver, B.C., Guidebook, 28 p.
Brandon, M.T., 1985b, Pacific Rim Ccaonplex of western Vancouver Island;
tectonic evolution of a late Mesozoic active margin; Geological
Society of America, Abstracts with Programs, V.17, No.6, p.343.

110

Brandon, M.T. and Cowan, D.S., 1985, The Late Cretaceous San Juan IslandsNorthwestern Cascades Thrust System: Geological Society of America,
Abstracts with Programs, V.17, No.6, p.343.
Brandon, M.T. and Massey, N.W.D., 1985, Early Tertiary tectonics of the
Pacific Northwest: tnmcation and rifting within a transform plate
boundry: Lithoprobe publication No. 10, Geological Association of
Canada, Programme and Abstracts, p.8.
Brandon, M.T., Ccwan, D.S., and Vance, J.A., in press. The Late Cretaceous
Thrust System, San Juan Islands, Washington: a case history of
terrane accretion in the western Cordilleran: Geological Society of
America Special Paper.
Bream, S.E., 1987, Depositional environment, provenance, and tectonic
setting of the upper Oligocene Sooke Formation, Vancouver Island,
B.C.: M.S. thesis. Western Washington University, Bellingham,
Washington, 228 pgs.
Brown, E.H., 1986, Geology of the Shuksan Suite, North Cascades,
Washington, U.S.A.: Geological Society of America, Memoir 164, p.l43154.
Brown, E.H., 1987, Structural geology and accretionary history of the
Northwest Cascades System, Washington and British Columbia:
Geological Society of America Bulletin, V.99, p.201-214.
Brown, E.H., Bradshaw, J.Y., and Mustoe, G.E., 1979, Plagiogranite and
keratophyre in ophiolite on Fidalgo Island, Washington: Geological
Sociely of America Bulletin, vol.90, p.493-507.
Brown, E.H., Blackwell, D.L., Christenson, B.W., Frasse, F.I., Haugerud,
R.A., Jones, J.T., Leiggi, P.A., Morrison, M.L., Rady, P.M., Reller,
G.J., Sevigny, J.H., Silverberg, D.S., Smith, M.T., Sondergaard,

111

J.N., and Ziegler, C.B., 1987, Geologic map of the northwest
Cascades, Washington; Geological Society of America, Map and Chart
Series, MC-61, scale 1:100,000.
Brcwn, R.D., Jr., Gower, H.D., and Snavely, P.D., Jr., 1960, Geology of
the Port Angeles-Lake Crescent Area, Clallam County, Washington; U.S.
Geological Survey, Oil and Gas Investigations Map CM-203, scale
1:62,500.
Buckovic, W.A., 1979, The Eocene deltaic system of west-central
Washington: in Armentrout, J.M., Cole, M.R., and Ferbest, H., Jr.,
Cenozoic Paleogeography of the western United States, Society of
Economic Paleontologists and Mineralogists, Pacific Section, p.l47163.
Cady, W.M., 1975, Tectonic setting of the Tertiary volcanic rocks of the
Olympic Peninsula, Washington: Journal of Research of the U.S.
Geological Survey, V.3, p.573-582.
Cady, W.M., Sorensen, M.L., and Macleod, N.S., 1972a, Geologic map of the
Brothers Quadrangle, U.S. Geological Siirvey, Map GQ-969, scale
1:62,500.
Cady, W.M., Tabor, R.W., MacLeod, N.S., and Sorensen, M.L., 1972b,
Geologic map of the Tyler Peak Quadrangle, U.S. Geological Survey,
M^ GQ-970, scale 1:62,500.
Clark, K.C., thesis in progress. Comparative stratigraphy, petrology, and
geochemistry of the Crescent Formation and related exposxires near
Bremerton and Port Townsend, Washington: M.S. thesis. Western
Washington University, Bellingham, Washington.
Clayton, G.A., 1983, Geology of the White Pass area, south-central Cascade
Range, Washington: Masters Thesis, Universily of Washington, Seattle,

112

212 pgs.
Clowes, R.M., Brandon, M.T., Green, A.G., Yorath, C.J., Sutherland Brown,
A., Kanasewich, E.R., and Spencer, C., 1987, LITHOPROBE-southem
Vancouver Island: Cenozoic subduction ccxnplex imaged by deep seismic
reflections: Canadian Journal of Earth Science, V.24, p.31-51.
Coney, P.J., Jones, D.L., and Monger, J.W.H., 1980, Cordilleran suspect
terranes: Nature, V.288, p.329-333.
Cowan, D.S. and Potter, C.J., principal canpilers, 1986, Centennial
Continent/Ocean Transect #9, B-3 Juan de Fuca spreading ridge to
Montana Thnast Belt, published by the Geological Society of America.
Danner, W.R., 1966, Limestone resoiarces of western Washington: Washington
Division of Mines and Geology Bulletin, V.52, 474 p.
Davis, E.E., 1982, Evidence for extensive basalt flows on the sea floor:
Geological Society of America Bulletin, V.93, p.1023-1029.
Davis, G.A., Monger, J.W.H., anf Burchfiel, B.C., 1978, Mesozoic
reconstruction of the Cordilleran "collage", central British Columbia
to central California: in Howell, D.G. and McDougall, K.A., eds.,
Mesozoic Paleogeography of the Western United States: Society of
Economic Paleontologists and Mineralogists, Pacific Section, p.33-70.
Debiche, M.G., Cox, A., and Engebretson, D.C., 1987, The motion of
allochthonous terranes across the Pacific Basin: Geological Society
of America Special Paper 207.
DeChant, J.H., thesis in progress, Depositional environment, provenance,
and tectonic significance of the Hoko River Formation, northern
Olyirpic Peninsula, Washington: M.S. thesis. Western Washington
University, Bellingham, Washington.
Dickinson, W.R., 1970, Interpreting detrital modes of graywacke and

113

arkose; Journal of Sedimetary Petrology, V.40, p.695-707.
Dickinson, W.R. and Suczek, C.A., 1979, Plate tectonics and sandstone
coiposition; American Association of Petrolexm Geologists Bulletin,
V.63, p.2164-2182.
Diehl, J.F., Beck, M.E., Jr., Beske-Diehl, S., Jacobson, D., and Hearn,
B.C., Jr., 1983, Paleomagnetism of the Late Cretaceous and early
Tertiary north-central Montana alkalic province; Journal of
Geophysical Research, V.88, p.10,593-10,609.
Dott, R.H., 1964, What approach to immature sandstone classification?:
Journal of Sedimentary Petrology, V.34, p.625-632.
Dott, R.H., 1966, Eocene deltaic sedimentation at Coos Bay, Oregon:
Journal of Geology, V.74, No.4, p.373-420.
Duncan, R.A., 1982, A captured island chain in the Coast Range of Oregon
and Washington: Journal of Geophysical Research, V.87, p.10827-10837.
Ellingsen, J.A., 1972, The rocks and structure of the White Pass area,
Washington; Northwest Science, V.46, p.9-24.
Engebretson, D.C., Cox, A., and Gordon, R.G., 1984, Relative motions
between oceanic plates of the Pacific Basin: Journal of Geophysical
Research, V.89, No. B12, p.10,291-10,310.
Engebretson, D.C., Gordon, R.G., and Cox, A., 1985, Relative motions
between oceanic and continental plates in the Pacific Basin:
Geological Society of

America Special Paper No. 206, 59 pgs.

Fairchild, L.H. and Cowan, D.S., 1982, Structiire, petrology, and tectonic
history of the Leech River complex northwest of Victoria, Vancouver
Island; Canadian Journal of Earth Sciences, V.19, p.1817-1835.
Frizzell, V.A., 1979, Petrology and stratigraphy of Paleogene nonmarine
sandstones. Cascade Range, Washington: PhD thesis, Stanford

114

University, Stanford, California, 151 pgs.
Frizzell, V.A., Tabor, R.W., Gaum, W., and Hetherington, M.J., 1979, Age
and stratigraphic relationships of selected Paleogene nonmarine
rocks, central Cascades and western foothills, Washington: Geological
Society of America

Abstracts with Programs, V.ll, p.428.

Gabrielse, H., 1985, Major dextral transcnjrrent displacements along the
Northern RocIq^ Mountain Trench and related lineaments in northcentral British Columbia: Geological Society of America Bulletin,
V.96, No.l, p.1-14.
Gallagher, M.P., 1986, Structure and petrology of meta-igneous rocJcs in
the western part of the Shu3csan Metamorp^iic Suite, northwestern
Washington, U.S.A.: M.S. thesis. Western Washington University,
Bellingham, Washington, 59 pgs.
Garrison, R.E., 1973, Space-time relations of pelagic limestones and
volcanic rocks, Olynpic Peninsula, Washington; Geological Society of
America Bulletin, Vol.84, p.583-594.
Glassley, W.E., 1974, Geochemistry and tectonics of the Crescent Volcanic
Rocks, Olynpic Peninsula, Washington; Geological Society of America
Bulletin, V.85, p.785-794.
Globerman, B.R., Beck, M.E., Jr., and Duncan, R.A., 1982, Paleomagnetism
and tectonic significance of Eocene basalts of the Black Hills,
Washington

Coast Range: Geological Society of America Bulletin,

V.93, p.1151-1159.
Gower, H.D., 1960, Geology of the Pysht Quadrangle, Washington: U.S.
Geological Survey, Map GQ-129, scale 1:62,500.
Granirer, J.L., Burmester, R.F., and Beck, M.E., Jr., 1986, Cretaceous
paleoragnetism of the Methow^Pasayten Belt, Washington: Geophysical

115

Research Letters, V.13, No.8, p.733-736.
Grcxnme, C.S., Beck, M.E., Jr., Wells, R.E., and Engebretson, D.C., 1986,
Paleomagnetism of the Tertiary Clarno Formation of central Oregon and
its significance for the tectonic history of the Pacific Northwest:
Journal of Geophysical Research, V.91, p.14,089-14,103.
Hammond, P.E., 1979, A tectonic model for the evolution of the Cascade
Range: in Armentrout, J.M., Cole, M.R., and Ferbest, H., Jr., eds.,
Cenozoic Paleogeography of the Western United States, Society of
Econanic Paleontologists and Minerologists, Pacific Section, p.219237.
Heller, P.L., 1983, Sediment response to Eocene tectonic rotation in
western Oregon: PhD Thesis, University of Arizona, Tucson, Arizona,
321 p.
Heller, P.L. and I^berg, P.T., 1983, Sedimentary record of subduction to
fore arc transition in the rotated Eocene basin of western Oregon:
Geology, V.ll, p.380-383.
Heller, P.L., Peterman, Z.E., O'Neil, J.R., and Shafiqullah, M., 1985,
Isotopic provenance of sandstones from the Eocene Tyee Formation,
Oregon Coast Range: Geological Society of America Bulletin, V.90,
p.770-780.
Hoover, L., 1963, Geology of the Anlauf and Drain Quadrangles Douglas and
Lane Counties, Oregon: Geological Survey Bulletin 1122-D, p.Dl-D62.
Howell, D.G., and Normark, W.R., 1982, Sedimentolgy of si±)marine fans: in
Scholl, P.A., and Spearing, D.R., eds.. Sandstone depositional
environments, American Association of Petroleum Geologists, Memoir
31, p.365-404.
Irving, E., Woodsworth, G.J., V'^nne, P.J., and Morrison, A., 1985,

116

Paleonagnetic evidence for displacement from the south of the Coast
Plutonic Complex, British Columbia: Canadian Journal of Earth
Sciences, V.22, p.584-598.
Johnson, S.Y., 1982, Stratigraphy, sedimentolgy, and tectonic setting of
the Eocene Chuckanut Formation, northwest Washington: PhD thesis.
University of Washington, Seattle, 221p.
Johnson, S.Y., 1984a, Evidence for a margin trmcating transcurrent fault
(pre-late Eocene) in western Washington: Geology, V.12, p.538-541.
Johnson, S.Y., 1984b, Stratigraphy, age and paleogeography of the Eocene
Chuckanut Formation, northwest Washington: Canadian Journal of Earth
Sciences, V.21, p.92-106.
Jones, D.L., Cox, A., Coney, P.J., and Beck, M.E., Jr., 1982, The growth
of western North America: Scientific American, V.247, No.5, p.70-84.
Jones, D.L., Silberling, N.J., and Hillhouse, J., 1977, Wrangellia: a
displaced terrane in northwestern North America: Canadian Journal of
Earth Sciences, V.14, p.2565-2577.
Kleinsphen, K.L., 1985, Cretaceous sedimentation and tectonics, TyaughtonMethow Basin, southwestern British Columbia: Canadian Journal of
Earth Science, V.22, p.154-174.
Kriens, B., 1987, Cretaceous-Tertiary evolution of the North Cascades,
Washington: new findings from the Ross Lake Fault Zone and vicinity:
Geological Society of America, Cordilleran Section, Abstracts with
Programs, V.19, No.6, pg.396.
Lovell, J.B.P., 1969, Tyee Formation: undeformed turbitites and their
lateral equivalents: mineralogy and paleogeography: Geological
Society of America Bulletin, V.80, p.9-22.
MacLeod, N.S., Tiffin, T.L., Snavely, P.D., Jr., and Cxorrie R.G., 1977,

117

Geologic interpretation of magnetic and gravity anoielies in the
Strait of Juan de Fuca, U.S.-Canada: Canadian Journal of Earth
Sciences, V.14, p.223-238.
Magill, J.R., Cox, A.V., and Duncan, R.A., 1981, Tillamook Volcanic
Series: Further evidence of tectonic rotation in the Oregon Coast
Range: Journal of Geophysical Research, V.86, p.2953-2970.
Marcott, K., 1984, The sedimentary petrography, depositional, and tectonic
setting of the Aldwell Formation, northern Olympic Peninsula,
Washington: M.S. Thesis, Western Washington University, Bellingham,
Washington, 78 pgs.
Massey, N., 1985, The Metchosin-Sooke Complex: an Eocene ophiolite?:
Geological Society of America, Cordilleran Section, Abstracts with
Programs, V.17, p.368.
Massey, N.W.D., 1986, Metchosin Igneous Complex, southern Vancouver
Island: ophiolite stratigraphy developed in a emergent island
setting: Geology, V.14, No.7, p.602-605.
Mattinson, J.M., 1972a, Ages of zircons from the northern Cascade
Mountains, Washington: Geological Society of America Bulletin, V.83,
p.3769-3783.
Mattinson, J.M., 1972b, Jurassic metamorphism of basement gneisses near
Mt. Rainier, Washinton: Carnegie Institute of Washington Yearbook 71,
p.576-578.
Melim, L.A., 1984, The sedimentary petrology and sedimentology of the
unnamed middle Eocene sandstones of Scow Bay, Indian and Marrowstone
Islands, northwest Washington: M.S. Thesis, Western Washington
University, Bellingham, Washington, 123 pgs.
Miller, R.B., 1985a, The ojAiiolitic Ingalls Conplex, north-central Cascade

118

Mountains, Washington: Geological Society of America Bulletin, V.96,
p.27-42.
Miller, R.B., 1985b, The pre-Tertiary Rimrock Lake inlier, southern
Cascades, Washington; Washington Division of Geology and Earth
Resources Open-File Report 85-2, 20 pgs.
Misch, P., 1966, Tectonic evolution of the northern Cascades of Washington
State—a west-Cordilleran case history; Canadian Institute of Mining
and Metallurgy, Special Volume 8, p.101-148.
Misch, P., 1977a, Bedrock geology of the North Cascades; in Brcwn, E.H.
and Ellis, R.C., eds.. Geological excursions in the Pacific
Northwest: Bellingham, Western Washington University, p.1-62.
Misch, P., 1977b, Dextral displacements of sane major strike faults in the
North Cascades: Geological Association of Canada, Program with
Abstracts, V.2, p.37
Monger, J.W.H., 1977, Upper Paleozoic rocks of the western Canadian
Cordillera and their bearing on Cordilleran evolution; Canadian
Journal of Earth Sciences, V.14, p.1832-1859.
Monger, J.W.H., 1985, Terranes in the southeastern Coast Plutonic Complex
and Cascade Fold Belt: Geological Society of America Abstracts with
Programs, V.17, No.6, p.371.
Monger, J.W.H., 1986, Geology between Harrison Lake and Fraser River, Hope
map area, southwestern British Columbia; in Current Research, Part B,
Geological Survey of Canada, Paper, 86-lB, p.699-706.
Monger, J.W.H. and Ross, C.A., 1971, Distribution of fusilinaceans in the
western Canadian Cordillera; Canadian Journal of Earth Sciences, V.8,
p.259-278.
Monger, J.W.H., Price, R.A., and Tempelman-Kluit, D.J., 1982, Tectonic

119

accretion and the origin of two major metamorphic and plutonic welts
in the Canadian Cordillera: Geology, V.IO, p.70-75.
Moyer, R.D., 1985, Paleomagnetism of the Tertiary rocks of the northern
Olympic

Peninsula, Washington, and its tectonic implications: M.S.

Thesis, Western Washington University, Bellingham, Washington, 154
pgs.
Muller, J.E., 1977, Evolution of the Pacific margin, Vancouver Island and
adjacent regions: Canadian Journal of Earth Sciences, V.9, p.20622085.
Muller, J.E., 1980, Chemistry and origin of the Eocene Metchosin
Volcanics, Vancouver Island, British Columbia: Canadian Journal of
Earth Sciences, V.17, p.199-209.
Pabst, M.B., 1968, The flora of the Chuckanut Formation of northwestern
Washington, the Equisetales, Filicales, and Coniferales: University
of California Publications in Geology, V.*76, 85 pgs.
Pacht, J.A., 1984, Petrologic evolution and paleogeography of the late
Cretaceous Nanamio Basin, Washington and British Columbia:
implications for Cretaceous tectonics: Geological Society of America
Bulletin, V.95, p.766-778.
Parrish, R.R., 1983, Cenozoic thermal evolution and tectonics of the Coast
Mountains of British Columbia 1.

Fission track dating, apparent

uplift rates, and patterns of uplift: Tectonics, V.2, No.6, p.601631.
Perttu, R.K. and Benson, G.T., 1980, Deposition and deformation of the
Eocene Umpqua Group, Sutherlin area, southwestern Oregon: Oregon
Geology, vol.42. No.8, p.135-140.
Peterman, Z.E., Coleman, R.G., and Bunker, C.M., 1981, Provenance of

120

Eocene graywackes of the Flournoy Formation near Agness, Oregon - a
geochemical approach: Geology, V.9, p.81-86.
Pettijohn, F.J., Potter, P.E., and Siever, R.S., 1972, Sand and sandstone:
published by Springer-Verlag, Heidelburg, West Germany, 618 pgs.
Plumley, P.W., 1980, Paleomagnetism of Tertiary intrusive rocks in the
Oregon Coast Range: timing and mechanism of tectonic rotation: M.S.
thesis. Western Washington University, Bellingham, Washington, 239
pgs.

Purdy, J.W., thesis in progress, Paleoragnetism and tectonic
interpretation of the Crescent and Blakeley Formations of Kitsap
Peninsula, Washington: M.S. thesis, Westejni Washington University,
Bellingham, Washington.
Pau, W.W., 1966, Stratigraphy and foraminifera of the Satsop River area,
southern Olympic Peninsula, Washington: Bulletin No.53, Washington

Division of Mines and Geology, 66 pgs.
Rauch, W.E., 1985, Sedimentary petrology, depositional environment, and
tectonic implications of the upper Eocene Quimper Sandstone and
Marrowstone Shale, northest Olympic Peninsula, Washington: M.S.
thesis. Western Washington University, Bellingham, Washington, 102
pgs.
Roberts, A.E., 1953, A petrographic study of the intrusive at Marys Peak,
Benton County, Oregon: Northwest Science, V.27, No.2, p.43-60.

Roddick, J.A., 1983, Geojhysical review and composition of the Coast
o

Plutonic Complex, south of latitude 55 N: in Roddick, J.A., ed..
Geological Society of America Memoir 159, p.195-211.
Roddick, J.A., Muller, J.E., and Okulitch, A.V., 1979, Fraser River Sheet
92: Geological Survey of Canada, Map 1386A, scale 1:1,000,000.

121

Rouse, G.E., Mathews, W.H., and Blunden, R.H., 1975, The Lions Gate
Member; a new Late Cretaceous sedimentary subdivision in the
Vancouver area of British Columbia; Canadian Journal of Earth
Science, V.12, p.464-471.
Rusmore, M.E. and Cowan, D.S., 1985, Jurassic-Cretaceous rock units along
the southern edge of the Wrangellia terrane on Vancouver Island;
Canadian Journal of Earth Sciences, V.22, p.1223-1232.
Ryberg, P.T., 1985, Evolution of a Paleocene to early Eocene subduction
complex in southwestern Oregon; Geological Society of America,
Cordilleran Section, Abstracts with Programs, p.406.
Shouldice, D.H., 1971, Geology of the western Canadian continental shelf;
Canadian Society of Petroleum Geologists Bulletin, V.19, p.405-424.
Shultz, J.M., thesis in progress, Mid-Tertiary volcanic rocks of the
Timberwolf Mountain area, south central Cascades; M.S. thesis.
Western Washington University, Bellingham, Washington.
Silberling, N.J. and Jones, D.L., eds., 1984, Lithoterrane maps of the
North American Cordillera; U.S. Geological Siarvey Open File Report
84-523.
Simpson, R.W. and Cox, A.V., 1977, Paleonagnetic evidence for the tectonic
rotation of the Oregon Coast Range; Geology, V.5, p.585-589.
Snavely, P.D., Jr., 1983, Day 1; peripheral rocks; Tertiary geology of the
northwestern part of the Olympic Peninsula, Washington; Field Trip
No.12, the Tertiary Olympic Terrane, southwest Vancouver Island and
northwest Washington; Geological Association of Canada, Victoria
Section, p.6-31.
Snavely, P.D., Jr. and Baldwin, E.H., 1948, Siletz River Volcanic Series,
northwestern Oregon; American Association of Petroleum Geologists

122

Bulletin, V.32, p.806-812.
Snavely, P.D., Jr. and McLeod, N.S., 1974, Yachats Basalt - an upper
Eocene differentiated volcanic sequence in the Oregon Coast Range:
U.S. Geological Survey Journal of Research, V.2, p.395-403.
Snavely, P.D., Jr. and Wagner, H.C., 1963, Tertiary geologic history of
western Oregon and Washington: Washington Division of Mines and
Geology Report of Investigations No.22, 25p.
Snavely, P.D., Jr., Brcwn, R.D., Jr., Roberts, A.E., and Rau, W.W., 1958,
Geology and coal resources of the Centralia-Chehalis district,
Washington: U.S. Geological Survey Bulletin 1053, 159 pgs.
Snavely, P.D., Jr., MacLeod, N.S., Niem, A.R., and Minasian, D.L., 1986,
Geologic map of the Cape Flattery Area, northwestern Olynpic
Peninsula, Washington: U.S. Geological Survey, Open-File Report 86344B, 10 p. and map, 1:48,000.
Snavely, P.D., Jr., McLeod, N.S., and Rau, W.W., 1970, Summary of the
Tillamook area, northern Oregon Coast Range: U.S. Geological Survey
Professional Paper 650-A, p.A47.
Snavely, P.D., Jr., MacLeod, N.S, and Wagner, H.C., 1968, Tholeiitic and
alkalic basalt from the Eocene Siletz River Volcanics, Oregon Coast
Range: American Journal of Science, V.266, p.454-481.
Snavely, P.D., Jr., MacLeod, N.S., Wagner, H.C., and Lander, D.L., 1980,
Geology of the west-central part of the Oregon Coast Range: in Oles,
K.F., Johnson, J.G., Nion, A.R., and Niem, W.A., eds.. Geologic field
trips in western Oregon and southwestern Washington, Geological
Society of America, Cordilleran Meeting, p.39-58.
Snavely, P.D., Jr., Rau, W.W., Hoover, Linn, Jr., and Roberts, A.E., 1951,
McIntosh Formation, Centralia-Chehalis coal district, Washington:

American Association of Petroleum Geologists Bulletin, V.35, p.l0521061.
Suczek C., Bigelow, P., Chrzatowski, M., Karachewski, J., Krogstad, E.,
Reiwig, K., and Sprague, J., 1982, Composition of sediment in the
Nooksack River, northwestern Washington: Geological Society of
America, Cordilleran Section, Abstracts with Programs, V.14, No.4,
p.238.
Swanson, D.A., 1978, Geologic map of the Tieton River area, Yakima County,
south-central Washington: U.S. Geological Survey Misc. Field Studies
Map MF-968, scale 1:48,000.
Symons, D.T.A., 1973, Paleomagnetic zones in the Oligocene East Sooke
Gabbro, Vancouver Island, British Columbia: Journal of Geophysical
Research, V.78, p.5100-5109.
Tabor, R.W., 1972, Age of the Olympic metamorphism, Washington: K-Ar
dating of low-grade metamorphic rocks: Geological Society of America
Bulletin, V.83, p.1805-1816.
Tabor, R.W., 1975, Geologic guide to Olympic National Park: University of
Washington Press, Seattle , Washington, 144 pgs.
Tabor, R.W., 1982, Geologic map of the Wonder Mountain Roadless Area,
Washington: U.S. Geological Survey, Map MF-1418-A, scale 1:62,500.
Tabor, R.W., 1983, Day 2: Eastern Core Rocks of the Olympic Moiantains,
Washington: Field Trip No.12, The Tertiary Olympic terrane, southwest
Vancouver Island and northwest Washington, Geological Association of
Canada, Victoria Section, p.31-45.
Tabor, R.W. and Cady, W.M., 1978a, Geologic map of the Olympic Peninsula,
U.S. Geological Survey Miscellaneous Investigations Map 1-994, scale
1:250,000.

124

Tabor, R.W. and Cady, W.M., 1978b, The structure of the Olympic Mountains,
Washington- analysis of a subduction zone: U.S. Geological Survey
Profesional Paper 1033, 38 p.
Tabor, R.W., Frizzell, V.A., Jr., Vance, J.A., and Naeser, C.W., 1984,
Ages and stratigraphy of lower and middle Tertiary sedimentary and
volcanic rocks of the central Cascades, Washington: application to
the tectonic history of the Straight Creek fault: Geological Society
of America Bulletin, V.95, p.26-44.
Tabor, R.W., Yeats, R.S., and Sorensen, M.L., 1972, Geologic map of Mount
Angeles Quadrangle: U.S. Geological Survey Map GQ-958, scale
1:62,500.
Tabor, R.W., Zartman, R.E., and Frizzell, V.A., Jr., 1987, Possible
tectonstratigraphic terranes in the North Cascades Crystalline Core,
Washington: in Schuster, E., ed.. Geology of Washington Symposium
Volume: Washington State Department of Natural Resources.
Tiffin, D.L., Cameron, B.E.B., and Murray, J.W., 1972, Tectonics and
depositional history of the continental margin off Vancouver Island,
British Columbia: Canadian Journal of Earth Sciences, V.9, p.280-296.
Tennyson, M.E. and Cole, M.R., 1978, Tectonic significance of upper
Mesozoic Methow-Pasayten sequence, northeastern Cascade Range,
Washington and British Columbia: in Howell, D.G. and McDougall K.A.,
eds., Mesozoic Paleogeography of the Western United States: Society
of Econanic Paleontologists and Mineralogists, Pacific Section,
p.499-508.
Trexler, J.H. and Bourgeois, J., 1985, Evidence for mid-Cretaceous wrenchfaulting in the Methow Basin, Washington: tectonostratigraphic
setting of the Virginia Ridge Formation: Tectonics, V.4, No.4, p.379-

125

394
Vance, J.A., Clayton, G.A., Mattinson, J.M., and Naeser, C.W., manuscript
in preparation. Early and middle Cenozoic sratigraphy of the Mt.
Rainier-Tieton River area, southern Washington Cascades.
Vance, J.A., 1985, Early Tertiary faulting in the North Cascades:
Geological Society of America, Cordilleran Section, Abstracts with
Programs, V.17, p.415.
Vance, J.A., Dungan, M.A., Blanchard, D.P., and Rhodes, J.M., 1980,
Tectonic setting and trace element geochemistry of Mesozoic
ophiolitic rocks in western Washington: American Journal of Science,
V.280-A, p.359-388.
Walker, R.G., and Mutti, E., 1973, Turbidite facies and facies
associations: in Middleton, G.V. and Bouma, A.H., eds., Turbidites
and Deep Water Sedimentation, Society of Econonic Paleontologists and
Mineralogists, Pacific Section, Short Course, p.119-157.
Walker, R.G., 1984, Turbidites and associated coarse clastic deposits: in
Walker, R.G., ed., Facies Models, Geoscience Canada, Reprint Series
1, p.171-188.
Wells, R.E., 1982, Paleoragnetism and geology of Eocene volcanic rocks in
southwest Washington: constraints on mechanisms of rotation and their
regional tectonic significance: PhD thesis. University of California,
Santa Cruz, California, 165 pgs.
Wells, R.E., 1984, Paleomagnetic constraints on the interpretation of
early Cenozoic Pacific Northwest paleogeography: in Nilsen, Tor H.,
ed., Geology of the Upper Cretaceous Hombrook Formation, Oregon and
California, Society of Econonic Paleontologists and Minerologists,
Pacific Section, V.42, p.231-237.

126

Wells, R.E., 1985, The Tillamook Volcanics of Oregon is not an accretted
terrane; Geological Society of America, Cordilleran Section,
Abstracts with Programs, V.17, No.6, p.417.
Wells, R.E. and Coe, R.S., 1985, Paleomagnetism and geology of Eocene
volcanic rocks of southwestern Washington, implications for
mechanisms of tectonic rotations; Journal of Geophysical Research,
V.90, NO.B2, p.1925-1947.
Wells, R.E. and Heller, P.L., in press. The relative contribution of
accretion, shear, and extension to Cenozoic tectonic rotation in the
Pacific Northwest: Geological Society of America Bulletin.
Wells, R.E., and Kelly, M.M., 1985, Folding and rotation of Paleocene
pillow basalt near Roseburg, Oregon: Transactions, American
Geofiiysical Union, V.66, No.46, p.863.
Wells, R.E., Engebretson, D.C., Snavely, P,D., and Coe, R.S., 1984,
Cenozoic plate motions and the volcano-tectonic evolution of western
Oregon and Washington; Tectonics, V.3, No.2, p.275-294.
Whetten, J.T., Jones, D.L., Cowan, D.S., and Zartman, R.C., 1978, Ages of
the Mesozoic terrenes in the San Juan Islands, Washington: in Howell,
D.G. and McDougall, K.A., eds., Mesozoic paleogeography of the
western United States: Society of Econcsnic Paleontologists and
Minerologists, Pacific Section, p.117-132.
Whetten, J.T., Zartman, R.E., Blakeley, R.J., and Jones, D.L., 1980,
Allochthonous Jurassic ophiolite in northwest Washington; Geological
Society of America Bulletin, V.91, p.359-368.
Yole, R.W. and Irving, E., 1980, Displacement of Vancouver Island:
paleomagnetic evidence from the Karmutsen Formation: Canadian Journal
of Earth Sciences, V.17, p.1210-1228.

127

f
[

Yorath, C.J., 1980, The Apollo structure in Tofino Basin, Canadian Pacific
continental shelf; Canadian Journal of Earth Sciences, V.17, p.758775.

*

Yorath, C.J., Green, A.G., Clowes, R.M., Sutherland Brown, A., Brandon,
M.T., Kanasewich, E.R., Hyndman, R.D., and Spencer, C., 1985a,
Lithoprobe, southern Vancouver Island; seismic reflection sees
through Wrangellia to the Juan de Fuca plate; Geology, V.13, p.759762.
Yorath, C.J., Clowes, R.M., Green, A.G., Sutherland Brcwn, A., Brandon,
M.T., Massey, N.W.D., Spencer, C., Kanasewich, E.R., and Hyndman,
R.D., 1985b, Lithoprobe-Phase 1; southern Vancouver Island;
preliminary analysis of reflection seismic profiles and surface
geological studies; in CXirrent Research, Part A, Geological Survey of
Canada, Paper 85-lA, p.543-554.

128

APPENDIX 1; PETROGRAPHY OF THE BLUE MOUNTAIN UNIT

Part A; Sandstone Petrography

Key to Tables 1-3

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Sairple number (sde Part B for locations)
Number of points counted
Monocrystalline quartz
Polycrystalline quartz other than chert
Oiert
Potassium feldspar
Plaqioclase feldspar
Siliceous volcanic lithic fragments
Intermediate volcanic lithic fragments
Mafic volcanic lithic fragments
Sedimentary lithic fragments
Metamorphosed sedimentary lithic fragments
Mica
Dense minerals
Unidentified polycrystalline lithic fragments
Unidentified monocrystalline grains
Matrix
Cement/Clay
QFL
QmPK
QpLvLs
QmFLt

Q = 3 + 4 + 5
F = 6 + 7
L = 8 + 9 + 10 + 11 + 12
Qm = 3
P = 7
K = 6
Lt = 4 + 5 + 8 + 9 + 10 + 11 + 12
Qp = 4 + 5
Lv = 8 + 9 + 10
Ls = 11 + 12

Sandstone petrography statistics (19-22 above) are those of Dickinson and
Suczek (1979).
percentages.

Numbers of grains counted (3-18) are presented as
N.A.= chert and polycrystalline quartz not distinguished.
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005

007

OlOA

Oil

021A

033

2.

400

400

400

400

400

400

3.

24.5

38.5

37.5

27.75

38.5

31.25

4.

11.0

5.5

5.25

5.75

4.0

12.0

5.

N.A.

2.25

2.5

N.A.

4.5

N.A.

6.

.25

0.0

0.0

0.0

0.0

0.0

7.

40.5

21.5

32.25

28.25

29.75

34.25

8.

2.0

1.25

.25

3.75

1.0

.50

9.

.50

1.0

0.0

0.0

0.0

0.0

2.75

1.25

.50

0.0

.25

0.0

11.

5.0

12.5

4.25

18.75

6.5

2.5

12.

0.0

0.0

0.0

.75

.25

.25

13.

4.5

.25

1.75

4.0

1.0

2.0

14.

0.0

1.75

1.25

1.25

2.5

1.0

15.

3.25

1.5

1.75

3.5

2.25

2.75

16.

4.5

1.5

2.5

4.25

2.25

5.25

17.

1.25

6.75

4.75

.50

7.75

1.25

18.

0.0

4.5

5.5

1.5

.75

6.25

t

1.

O

Table Al; Plagioclase petrofacies

41,47,12

55,26,19

55,39,6

40,33,27

56,35,9

54,42,4

38,62,0

64,36,0

54,46,0

50,50,0

56,44,0

48,52,0

52,25,23

33,15,52

61,6,33

20,13,67

51,8,41

79,3,18

28,47,25

46,26,28

46,39,15

33,33,34

45,35,20

48,52,0
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1.

037C

038

039

041

047C

58S

2.

400

400

400

400

400

400

3.

28.0

33.75

36.5

42.25

35.25

40.75

4.

6.25

2.75

3.75

5.5

0.0

2.75

5.

4.0

1.0

5.75

4.5

2.0

N.A.

6.

6.5

_ .50

0.0

5.0

0.0

4.5

7.

25.25

16.75

19.0

17.0

38.25

26.75

8.

.75

.75

1.0

8.25

0.0

0.0

9.

.25

0.0

0.0

.50

0.0

1.75

10.

.25

0.0

1.25

2.5

0.0

0.0

11.

11.0

8.0

11.75

6.5

0.0

1.75

12.

.50

0.0

.25

0.0

0.0

.50

13.

2.0

1.25

1.0

0.0

8.0

1.0

14.

6.25

1.75

2.25

3.0

8.0

1.25

15.

1.25

2.75

2.5

1.25

1.25

3.25

16.

5.75

2.75

2.75

1.0

5.0

4.25

17.

3.75

27.75

1.0

1.75

2.25

7.5

18.

1.75

1.5

11.25

1.0

0.0

0.0

19. 46,38,16

59,27,14

58,24,18

57,24,19

49,51,0

55,40,5

20. 47,42,11

66,33,1

66,34,0

66,26,8

48,52,0

57,37,6

21. 45,5,50

30,6,64

40,9,51

36,41,23

100,0,0

41,26,33

22. 34,38,28

53,27,20

46,24,30

46,24,30

47,51,2

52,40,8
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I
1.

66

69

133

134

135

153

2.

400

400

400

400

400

400

3.

43.0

42.0

43.75

21.0

26.25

56.0

4.

1.0

6.5

1.75

1.0

8.25

3.0

5.

.50

3.25

1.25

N.A.

N.A.

N.A.

6.

0.0

0.0

0.0

0.0

0.0

0.0

7.

36.0

24.0

43.0

19.75

50.25

20.75

8.

0.0

0.0

0.0

.25

0.0

.50

9.

0.0

.50

0.0

1.75

0.0

0.0

10.

0.0

1.0

0.0

6.5

.50

1.75

11.

1.25

8.0

0.0

0.0

4.75

1.5

12.

0.0

0.0

1.75

0.0

0.0

.25

13.

1.75

7.0

7.0

14.75

.25

6.0

14.

1.0

1.25

.50

0.0

.25

1.5

15.

3.25

2.0

.50

0.0

.50

1.25

16.

1.25

4.0

.50

4.0

2.25

1.25

17.

5.75

0.0

0.0

29.5

6.75

3.5

18.

3.75

.50

0.0

0.0

0.0

0.0

-

19.

54,44,2

61,28,11

52,48,0

44,39,17

38,56,6

70,25,5

20.

54,46,0

64,36,0

50,50,0

52,48,0

34,66,0

73,27,0

21.

55,0,45

51,8,41

100,0,0

11,89,0

61,4,35

43,32,25

22.

53,44,3

49,28,23

49,48,3

42,39,19

29,56,15

67,25,8
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154

163

164

175

2.

430

400

400

400

3.

36.28

48.25

54.25

41.5

4.

7.67

3.0

1.25

7.0

5.

3.02

N.A.

N.A.

N.A.

6.

0.0

0.0

0.0

0.0

7.

23.26

25.0

25.5

22.25

8.

0.0

0.0

.25

0.0

9.

0.0

.25

0.0

0.0

10.

0.0

0.0

0.0

2.5

11.

6.51

3.75

0.0

3.0

12.

.23

0.0

0.0

0.0

13.

.70

5.5

11.75

3.0

14.

.93

2.5

.75

1.5

15.

.47

.50

.25

1.5

16.

5.58

.50

1.75

1.75

17.

14.65

3.5

0.0

11.75

.70

3.5

0.0

3.5

t

00

1.

i

19.

61,30,9

64,31,5

68,31,1

64,29,7

20.

61,39,0-

66,34,0

68,32,0

65,35,0

21.

61,0,39

43,4,53

83,17,0

56,20,24

22.

47,30,23

60,31,9

67,31,2

55,29,16
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f'ij

1

Table A2; Chert petrofacies

1.

001

OOIA

009

040C

99

101

2.

400

400

400

400

400

400

3.

25.0

34.0

35.75

20.5

18.75

23.75

4.

18.75

12.25

8.25

35.25

11.5

5.0

5.

12.5

10.0

12.75

N.A.

26.75

15.75

6.

.25

0.0

0.0

0.0

0.0

0.0

7.

5.25

7.5

11.75

10.75

11.0

12.5

8.

0.0

.25

0.0

2.5

3.0

1.5

9.

0.0

0.0

0.0

1.25

2.25

0.0

10.

.75

0.0

.75

9.75

.25

0.0

11.

9.25

6.75

10.75

11.25

10.0

10.25

12.

10.75

5.75

0.0

0.0

0.0

0.0

13.

2.0

2.25

1.75

0.0

.50

0.0

14.

1.75

4.0

4.5

.25

1.5

1.75

15.

2.0

1.75

1.75

1.5

6.0

8.25

16.

5.25

5.0

3.25

1.0

1.75

1.0

17.

5.5

9.0

8.75

1.0

5.25

15.0

18.

1.0

1.5

0.0

0.0

1.5

5.25

19.

68,7,25

74,10,16

71,15,14

61,12,27

68,13,19

65,18,17

20.

82,17,1

82,18,0

75,25,0

66,34,0

63,37,0

66,34,0

21.

60,2,38

64,0,36

65,2,33

59,22,19

71,10,19

64,5,31

22.

30,7,63

44,10,46

45,15,40

23,11,66

23,13,64

35,18,47

'
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1

117

128

137

149

151

160

2

400

400

400

400

400

400

3

30.5

24.5

28.0

13.5

17.5

12.5

4

9.5

20.25

8.75

6.0

11.0

17.25

5

14.5

N.A.

20.0

44.75

9.5

36.5

6

0.0

0.0

0.0

0.0

0.0

0.0

7

5.75

9.0

17.75

5.25

11.5

3.5

8

3.75

.25

.25

.75

1.0

0.0

9

.25

1.25

.25

0.0

.75

0.0

10

1.5

3.25

1.75

1.0

0.0

1.25

11

15.0

4.25

4.75

16.0

7.75

1.5

12

4.75

9.0

0.0

0.0

.25

.25

13

1.5

4.75

1.0

0.0

0.0

1.25

14

.75

20.25

0.0

0.0

2.5

0.0

15

6.0

4.5

2.5

2.5

5.25

1.75

16

1.0

1.75

3.5

2.0

.75

.25

17

2.5

15.5

11.5

6.25

1.5

12.75

18

2.75

.25

0.0

2.0

30.75

11.25

19

64,7,29

62,13,25

70,22,8

74,6,20

64,19,17

91,5,4

20

84,16,0

73,27,0

61,39,0

72,28,0

60,40,0

78,22,0

21

49,11,40

53,12,35

81,6,13

75,2,23

68,6,26

95,2,3

22

37,7,56

34,13,53

34,22,44

15,6,79

30,19,51

17,5,78
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i

1.

029

2.

281

3.

43.35

4.

12.8

5.

N.A.

6.

0.0

7.

4.0

8.

.70

9.

0.0

10.

0.0

11.

7.5

12.

0.0

13.

6.4

14.

1.0

15.

2.5

16.

7.5

17.

7.5

18.

7.8

19.

82,6,12

20.

92,8,0

21.

61,3,36

22.

63,6,31
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Table A3; Mixed petrofacies

1.

006

040SA

044

150

155

2.

400

400

400

400

400

3.

45.75

40.25

28.0

27.0

37.5

4.

6.75

6.0

16.5

20.0

8.25

5.

4.5

7.75

N.A.

N.A.

13.75

6.

4.25

.50

5.25

0.0

0.0

7.

10.0

12.5

13.75

28.0

27.25

8.

.75

2.25

6.0

1.5

0.0

9.

.25

.75

4.0

0.0

0.0

10.

2.75

3.25

.50

.50

.75

11.

4.5

7.0

16.25

3.0

1.25

12.

0.0

0.0

.25

.25

0.0

13.

9.0

.75

.25

1.0

.25

14.

1.5

1.5

.25

1.0

0.0

15.

.75

1.75

3.0

2.0

2.0

16.

6.25

3.25

1.25

3.0

4.0

17.

2.5

9.0

1.0

2.25

4.75

18.

.50

3.5

3.0

10.5

.25

19.

72,18,10

67,16,17

49,21,30

59,35,6

67,31,2

20.

76,17,7

76,1,23

60,29,11

49,51,0

58,42,0

21.

58,19,23

51,23,26

38,24,38

79,8,13

92,3,5

22.

58,18,24

50,16,34

31,21,48

34,35,31

42,31,27

■
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Part B; Sample location maps

The following maps are simplified from Tabor and Ca<^, 1978a.
Sandstone sample localities are indicated using the sample numbers used to
present point-count data in Part A of this appendix.
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Sample Location Maps.

Vertical ruled=basalt of the

Crescent Formation;

horizontal ruled=Core Rocks; unruled=

Blue Mountain unit.

All location maps modified from

Tabor and Cady,

1978a.
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APPEMJIX 2: TBCT(»IICS

Part A: Poleward Displacement and Distance to North America

The following tables present the data used to construct Figures 22 to
24 and Figure 28.

All of the reconstuctions were done in present-day

coordinates relative to a fixed North American plate using the plate model
of Engebretson and others (1985).

Because of its central location, the

starting latitude and longitude for all reconstructions is that of the
o
o
Willipa Hills (46.5 N, 236.5 W).

(1)

Assumed age of origin of the terrane.

(2)

Reconstructed latitude and longitude of the terrane for the age

assumed in (1).
(3)

Cratonal reference pole of Diehl and others (1983) for the time
o
o
o
o
listed in (1). 1=82.8 N, 170.4 W
2=81.5 N, 192.6 W
(4)

Cratonal paleocolatitude.

Great circle distance between the present-

day position of the terrane and the reference pole listed in (3).
(5)

Modeled paleocolatitude.

Great circle distance between the

reconstructed position of the terrane and the reference pole listed in
(3).
(6)

Poleward displacement (in degrees).

The difference between the

modeled paleocolatitude and the cratonal paleocolatitude (Lm-Lc).
(7)

Poleward displacement (in kilometers).

(8)

Distance to North America (in degrees).

o
Using the formula 1 =111 km.
The great circle distance

between the reconstructed position of the terrane and the nearest point on
the present-day coastline of North America.
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(9)

Distance to North America (in kilometers)

48 Ma Arrival Time
Farallon Plate

(1)
(2)
lat. long
age
(Ma)
(recon)
49
50
51
52
53
54
55
56
57
58
59
60
61
62

45.64
44.78
43.90
43.05
42.18
41.31
40.44
39.57
38.62
37.66
36.68
35.69
34.69
33.67

235.17
233.87
232.59
231.33
230.09
228.87
227.67
226.49
225.20
223.95
222.72
221.54
220.38
219.35

(3)
ref
pole

(4)
LC
(deg)

(5)
Im
(deg)

1

41.01

tl

II

tl

It

II

It

II

It

II

II

2

37.75

41.69
42.39
43.09
43.80
44.51
45.24
42.81
43.56
44.39
45.24
46.11
46.99
47.91
48.84

II

II

II

II

II

II

II

II

II

II

II

II

n

II

(6)
P
(deg)
.69
1.38
2.08
2.79
3.51
4.23
5.06
5.82
6.64
7.49
8.36
9.24
10.16
11.09

(7)
P
(km)
75
155
230
310
390
470
560
645
735
830
930
1025
1130
1230

(8)
D
(deg)
.79
1.73
2.67
3.41
4.38
5.35
6.22
7.17
8.31
9.52
10.68
12.05
13.34
14.57

(9)
D
(km)
88
190
295
380
485
595
690
795
925
1055
1185
1335
1480
1620

48 Ma Arrival Time
Kula Plate

age
(Ma)
49
50
51
52
53
54
55
56
57
58
59
60
61
62

lat. long
(recon)
44.81
43.11
41.39
39.65
37.91
36.15
34.38
32.61
31.76
30.92
30.06
29.20
28.33
27.21

235.35
234.28
233.29
232.37
231.52
230.76
229.97
229.27
228.69
228.13
227.60
227.08
226.58
226.15

ref
pole

Lc
(deg)

Lm
(deg)

1

41.01

II

II

II

II

II

II

II

II

II

II

2

37.75

II

II

II

II

II

II

II

II

II

II

II

II

II

II

42.54
44.09
45.67
47.28
48.91
50.55
49.05
50.74
51.52
52.31
53.12
53.92
54.74
55.82
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P
(deg)
1.53
3.08
4.66
6.27
7.90
9.54
11.30
12.99
13.78
14.57
15.37
16.18
17.00
18.08

P
(km)
170
340
515
695
875
1060
1255
1440
1530
1615
1705
1795
1885
2005

D
(deg)
.67
1.25
2.03
2.80
4.07
5.40
6.26
8.41
9.38
10.11
10.91
11.73
12.56
13.52

D
(km)
75
140
225
310
450
600
695
935
1040
1120
1210
1300
1395
1500

43 Ma Arrival Time
Farallon Plate

lat/ long
(recon)
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

45.81
45.13
44.45
43.77
43.09
42.22
41.35
40.48
39.60
38.73
37.86
36.99
36.11
35.10
34.08
33.05
32.01
30.96
29.90

235.17
233.86
232.55
231.26
229.99
228.76
227.56
226.38
225.21
224.10
222.92
221.79
220.67
219.52
218.39
217.29
216.22
215.17
214.26

ref
pole

Lc
(deg)

Im
(deg)

1

41.01

II

II

II

II

It

II

It

II

41.53
42.05
42.57
43.09
43.61
44.33
45.10
45.79
46.52
47.26
48.00
45.73
46.51
47.43
48.36
49.31
50.28
51.26
52.26

It

It

It

II

It

It

It

II

It

II

It

2

•1
37.75

It

It

It

II

It

It

It

It

It

II

It

II

It

II
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P
(deg)
.52
1.04
1.56
2.08
2.60
3.32
4.05
4.78
5.51
6.25
7.00
7.98
8.76
9.68
10.61
11.57
12.53
13.52
14.51

P
(km)
55
115
175
230
290
370
450
530
610
695
775
885
970
1075
1180
1285
1390
1500
1610

D
(deg)
.79
1.73
2.68
3.53
4.40
5.23
6.39
7.21
8.14
9.16
10.24
11.36
12.51
13.78
15.07
16.37
17.69
19.01
20.26

D
(km)
85
190
295
390
490
580
710
800
905
1015
1135
1260
1390
1530
1675
1815
1965

2110
2250

43 Ma Arrival Time
Farallon Plate

ag(
(H
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

lat, long
(recon)
45.81
45.13
44.45
43.77
43.09
42.22
41.35
40.48
39.60
38.73
37.86
36.99
36.11
35.10
34.08
33.05
32.01
30.96
29.90

235.17
233.86
232.55
231.26
229.99
228.76
227.56
226.38
225.21
224.10
222.92
221.79
220.67
219.52
218.39
217.29
216.22
215.17
214.26

ref
pole

Lc
(deg)

Im
(deg)

1

41.01

II

II

If

II

41.53
42.05
42.57
43.09
43.61
44.33
45.10
45.79
46.52
47.26
48.00
45.73
46.51
47.43
48.36
49.31
50.28
51.26
52.26

II

'

II

If

II

II

II

II

II

II

II

II

II

II

II

II

II

2

37.75

II

II

II

11

If

II

If

II

If

II

It

II

If

•1
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P
(deg)
.52
1.04
1.56
2.08
2.60
3.32
4.05
4.78
5.51
6.25
7.00
7.98
8.76
9.68
10.61
11.57
12.53
13.52
14.51

P
(km)

D
(deg)

D
(km)

55
115
175
230
290
370
450
530
610
695
775
885
970
1075
1180
1285
1390
1500
1610

.79
1.73
2.68
3.53
4.40
5.23
6.39
7.21
8.14
9.16
10.24
11.36
12.51
13.78
15.07
16.37
17.69
19.01
20.26

85
190
295
390
490
580
710
800
905
1015
1135
1260
1390
1530
1675
1815
1965
2110
2250

43 Ma Arrival Time
Kula Plate

lat, long
(recon)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

44.78
43.05
41.31
39.56
37.81
36.06
34.30
32.53
30.76
28.97
27.18
25.39
23.58
22.71
21.84
20.96
20.08
19.19
18.05

235.53
234.62
233.78
233.00
232.27
231.45
230.69
229.97
229.31
228.68
228.09
227.53
227.01
226.60
226.20
225.81
225.44
225.08
224.79

ref
pole

Lc
(deg)

1
n

41.01
n

If

II

If

II

If

II

If

n

If

II

If

II

If

II

II

II

If

II

2

37.75

II

II

II

II

II

II

II

II

II

If

II

II

ft

It
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Lm
(deg)

42.59
44.18
45.80
47.44
49.09
50.73
52.38
54.05
55.74
57.44
59.15
57.76
59.51
60.34
61.17
62.01
62.86
63.71
64.82

P
(deg)

1.52
3.17
4.79
6.43
8.08
9.72
11.37
13.04
14.73
16.43
18.14
20.01
21.76
22.59
23.42
24.26
25.11
25.96
27.08

P
(km)

170
350
530
715
895
1080
1260
1450
1635
1825
2015
2220
2415
2510
2600
2695
2785
2880
3005

D
(deg)

.55
1.01
2.02
2.20
3.52
5.00
6.56
7.96
9.28
10.68
12.19
13.78
15.43
16.34
17.25
18.16
19.07
19.98
21.07

D
(Km)

60

110
225
245
390
550
730
885
1030
1185
1355
1530
1710
1815
1915
2015
2115

2220
2340

Part B; Modeled Inclinations and Associated Uncertainty

The following tables present the data used to calculate Figures 25 to
27.

All reconstructions were done in present-day coordinates relative to

a fixed North American plate using the plate model of Engebretson and
others (1985).

The starting positions for the reconstructions are as
o
o
o
follows: Siletz River Volcanics 44.9 N, 236.2 W; Willipa Hills 46.5 N,
o
o
o
o
236.5 W; Black Hills 47 N, 236.8 W; Branerton-Port Townsend 47.8 N,
o
237.3 W.

(1)

Assumed age of origin of the terrane.

(2)

Reconstructed latitude and longitude of the terrane for the age

assumed in (1).
(3)

Cratonal reference pole of Diehl and others (1983) for the time
o
o
o
o
listed in (1).
1=82.8 N, 170.4 W
2=81.5 N, 192.6 W
(4)

Host Plate/Study Area.

F=Farallon Plate, K=Kula Plate, SRV=Siletz

River Volcanics, WH=Willipa Hills, BH=Black Hills, BP=Bremerton-Port
Townsend.
(5)

Modeled paleocolatitude.

Great circle distance between the

reconstructed position of the terrane and the cratonal reference pole
listed in (3).
(6)

Modeled inclination.

Magnetic inclination the terrane would have

acquired in its reconstucted position using the formula tan 1=2 tan (90Im), viiere I=inclination and Iin=modeled paleocolatitude.
(7)

Uncertainty.

Represents uncertainty in the plate model, about 9

km/ny using the formula (age of origin) x (9 km/iry) x (111 km/degree).
(8)

Positive (steep) uncertainty.
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Represents the steepest inclination

the terrane could have aquired in its reconstructed position when
considering imcertainty in the plate model.
(9)

Negative (shallow) uncertainty.

Represents the shallowest

inclination the terrane could have aquired in its reconstructed position
vhen considering uncertainty in the plate model.

48 Ma Arrival Time

(1)
age
(Ma)

(2)
lat,, long
(recon)

(3)
ref
pole

(4)
HP/SA

(5)
Lm
(deg)

(6)
Im
(deg)

(7)
U
(deg)

(8)
I (+)
(deg)

(9)
I (-)
(deg)

45.35
45.13
50.44
48.86
52.35
57.44

63.15
63.33
58.82
60.21
57.05
51.94

4.21
4.54
5.02
4.21
4.54
5.02

66.40
66.80
63.10
63.72
61.12
56.99

59.60
59.50
54.01
56.36
52.53
46.20

43.80
43.56
48.84
47.28
50.74
55.82

64.38
64.57
60.21
61.57
58.54
53.63

4.21
4.54
5.02
4.21
4.54
5.02

67.54
67.94
64.37
64.95
62.46
58.49

60.95
61.03
55.60
57.86
54.19
48.13

52
56
62
52
56
62

41.45
37.97
32.06
38.04
30.99
25.60

231.08
226.26
219.29
232.27
229.29
226.32

1
2
2
1
2
2

F/SRV

52
56
62
52
56
62

43.05
39.57
33.67
39.65
32.61
27.21

231.33
226.49
219.35
232.37
229.27
226.15

1
2
2
1
2
2

F/WH

52
56
62
52
56
62

43.56
40.08
34.19
40.17
33.13
27.74

231.60
226.74
219.54
232.59
229.42
226.24

1
2
2
1
2
2

F/BH

43.33
43.09
48.33
46.79
50.24
55.30

64.75
64.94
60.67
61.97
59.00
54.17

4.21
4.54
5.02
4.21
4.54
5.02

67.87
68.29
64.76
65.32
62.87
58.96

61.34
61.29
56.09
58.30
54.70
48.73

52
56
62
52
56
62

44.36
40.88
35.02
40.99
33.97
28.60

232.06
227.17
219.85
232.94
229.68
226.40

1
2
2
1
2
2

F/BP . 42.59
II
42.33
II
47.53
K/BP
46.02
II
49.43
II
54.46

65.31
65.52
61.36
62.61
59.72
55.01

4.21
4.54
5.02
4.21
4.54
5.02

68.40
68.81
65.38
65.91
63.52
59.71

61.96
61.92
56.86
59.00
55.50
49.69

II
II

K/SRV
II
II

II
II

K/WH
II
II

II
II

K/BH
II
II

150

43 Ma Arrival

age
(Ma)

lat. long
(recon)

ref
pole

HP/SA

Im
(deg)

Im
(deg)

U
(deg)

I (+)
(deg)

I (-)
(deg)

46.06
46.03
51.76
55.23
58.99
64.29

62.58
62.60
57.61
54.24
50.25
43.91

4.21
4.54
5.02
4.21
4.54
5.02

65.88
66.14
62.09
58.29
55.02
49.93

58.97
58.70
52.63
49.74
44.89
37.10

45.32
45.27
50.97
54.43
58.16
63.45

63.18
63.22
58.34
55.04
51.16
44.99

4.21
4.54
5.02
4.21
4.54
5.02

66.43
66.70
62.67
59.02
55.83
50.87

59.63
59.38
53.46
50.63
45.91
38.28

52
56
62
52
56
62

40.10
36.61
30.41
31.28
24.11
18.59

225.48
220.94
214.46
229.46
227.13
224.86

1
2
2
1
2
2

F/BH

52
56
62
52
56
62

40.90
37.41
31.23
32.12
24.96
19.45

225.94
221.37 ■
214.80
229.72
227.32
224.97

1
2
2
1
2
2

F/BP

II
II

K/BH
II
It

II
II

K/BP
II
II

Appendix 3: TERRANES PERIPHERAL TO SILETZIA

To simplify matters in this section, the Crescent terrane and the
Siletz terrane together will be referred to as Siletzia.

This section is

not intended to be a comprehensive review of the geology of the Pacific
Northwest but rather is intended to place Siletzia in a regional context.
Most attention will be directed to those terranes \n^ich prcbably are
sources for the Blue Mountain unit, specifically those terranes bounding
Siletzia to the north and northeast.

Siletzia is bounded to the north and

northeast by Wrangellia, the Pacific Rim corplex, the Leech River complex,
the Pandora Peak unit, the Nanaimo Group, the Coast Plutonic Corplex, and
terranes of the San Juan Islands and North Cascades (Figures 30 and 31).
To the east, Siletzia is bounded by the Cascade Range and terranes roughly
equivalent to terranes of the San Juan Islands and North Cascades, and to
the south by terranes of the Coastal Mesozoic belt of the Klamath
Mountains.

Siletzia is bounded to the west and at least partially at

depth by a post-middle Eocene accretionary prism, part of which is exposed
in the Olynpic Peninsula (the Core Rocks, see RBGIOSIAL GEOLOGY: ORBGONWASHINGTOJ COAST RANGE), that is related to the subduction of the
FaralIon/Juan de Fuca plate.
Terranes bounding Siletzia are primarily oceanic in nature, generally
consisting of partial to complete ophiolitic sequences; basalt, volcanic
and Plutonic rocks typically interpreted to have a magmatic arc origin;
and sedimentary derivatives of these arcs.

Protolith ages vary widely,

from Precaitibrian to Cretaceous, and almost all of the terranes have
undergone metamorphism to some degree, mainly in the Mesozoic.

Most of

.1
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Figiire 30.

Regional geologic map of the Pacific Northwest.
1,

Coastal Mesozoic Belt;

terrane;

3,

2, Western Klamath

Coast Plutonic Complex;

4, Oregon-

Washington Coast Range (solid black indicates
exposure of basaltic basement;

5, Northwest

6, Cascade Crystalline Core;
Range; 8, Hozameen terrane; 9,

Cascades System;
7, Cascade

Methow Basin;
Group.

10, Wrangellia;

11, Naniamo

Modified from Roddick and others,

Wells and others,

1984.

1979;
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235

238

hSO

h45

Figure 31.

Correlation chart for units peripheral to the
Oregon-Washington Coast Range.
indicate age of units,

Open boxes

open boxes with symbols

indicates age of metamorphic event.
B=blueschist,

A=amphibolite,

- PB=prehnite to blueschist,

G=greenschist,

GA=greenschist to

amphibolite facies metamorphism.
protolith age unknown.

1,

2=protolith

age of metamorphic event unknown.
references summarized in text.
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P=prehnite,

3, 4=
age and

Data and
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the terranes bounding Siletzia were structurally imbricated and juxtaposed
in the Late Cretaceous to middle Eocene.
Geologic, paleontologic, and paleonagnetic evidence has prompted some
recent workers to believe that these terranes, as well as almost all preTertiary rocks of western North America, are allochthonous (Monger and
Eoss, 1971; Beck and others, 1980; Coney and others, 1980; Jones and
others, 1982), but there is no agreement on how far the terranes have
traveled.

Paleomagnetic and geologic evidence suggests that most of the

terranes bounding Siletzia to the north and northeast have been
transported to their present positions from southerly latitudes and have
undergone clockwise rotation (Beck, 1980).

Specifically, paleomagnetic

evidence suggests that the Coast Plutonic Cc«iplex (Irving and others,
1985), the Mount Stuart Batholith, which is part of the Cascade
Crystalline Core (Beck and others, 1981), the Methow Basin (Granier and
others, 1986; D. Bazard, thesis in progress), and Wrangellia (Yole and
Irving, 1980) have undergone significant amounts of northward displacement
since the Cretaceous.

Hcwever, faults necessary to acconmodate much of

this displacement are yet to be observed (Gabrielse, 1985); and,
considering that most of these studies are of unlayered rocks, there is
some doubt as to vhether paleohorizontal has been determined (see
discussion in Beck, 1980; Beck and others, 1981).

It is thought that the

northward displacement of terranes was related to oblique subduction of
the Kula and/or Farallon plates beneath Noirth America, and that clockwise
rotation is the result in part of: 1) right-lateral shear between the Kula
and Farallon plates and North America (Beck, 1980), 2) rotation inherent
in northward displacanent along a North American plate boundary roughly
convex to the west (Debiche and others, 1987), and 3) rotation due to
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extension oblique to the coastline in western North America, inboard of
the terranes (Simpson and Cox, 1977; MaGill and others, 1981).
Siletzia is bounded to the north by the metamorphosed pelite,
sandstone, basaltic volcanic rocks, and minor chert and conglomerate of
the Leech River conplex (Muller, 1977; Fairchild and Cowan, 1982).
protolith age is inferred to be Late Jurassic to Cretaceous.

Ihe

The Leech

River complex underwent greenschist to anphibolite facies metamorphism and
was intruded by gneissic and unfoliated trondhjemitic sills between 41ma
and 39ma (Fairchild and Cowan, 1982).

M. Brandon (oral ccxiimunication,

cited in Brown, 1987) suggested that the Leech River canplex represents
metamorphosed Pacific Rim complex.

Fairchild and Cowan (1982) and Rusmore

and Cowan (1985) proposed that the Leech River complex underwent leftlateral emplacement against Wrangellia and the Pandora Peak \onit from the
east to the west along the Port Renfrew, San Juan, and Survey Mountain
faults following metamorphism.

The Port Renfrew, San Juan, and Survey

Mountain faults have been variously interpreted as left-lateral strikeslip faults, right-lateral strike-slip faults, thrust or transpressive
faults, or a connbination of these (ccxnpare Muller, 1977; MacLeod and
others, 1977; Roddick and others, 1979; Fairchild and Cowan, 1982;
Johnson, 1984a; Rusmore and Cowan, 1985; Brandon, 1985a).

However, Clowes

and others (1987) presented clear seismic data that shewed the Survey
Mountain fault to be a northeast-dipping thrust; and they argued,
primarily on geonetric constraints, that the San Juan fault is a also a
thrust v^ich merges with or becomes parallel to the Leech River fault at
depth.

The reasoning of Fairchild and Cowan (1982) for a post-metamorphic

left-lateral emplacement of the Leech River complex is their contention
that other units in the Pacific Northwest have not undergone a late Eocene
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greenschist to amphibolite facies metainorphic event.

However, Muller

(1980, figure 1) indicates chlorite schist and amphibolite in western
portions of the Metchosin Formation.

It is possible that the metamorphic

event that affected the Leech River complex may also have involved part of
the Metchosin Formation; if so, models concerning the emplacement history
of Siletzia and the Leech River complex will be affected.

The Leech River fault separates the Leech River complex fron the
Metchosin Formation of Siletzia.

The Leech River fault has been thought

to be a left-lateral strike-slip fault related to the emplacement of
Siletzia and the Olympic Core terrane (Fairchild and Cowen, 1982).

However, recent siesmic studies have shown the Leech River fault to be
0
0
compressive, dipping northeast at 35

to 45

beneath the leech River

Conplex, the Pandora Peak unit, and Wrangellia (Clowes and others, 1987;
Yorath and others, 1985a; 1985b).

Kinanatic indicators defining

a

lateral component of motion along the Leech River fault have not been
described.

Motion along the Leech River fault post-dates late Paleocene to
middle Eocene eruption and intrusion of the Metchosin Formation (Macleod
and others, 1977).

Near Sombrio Point, in southwestern Vancouver Island,

undeformed beach deposits of the upper Oligocene Sooke Formation (Bream,
1987) overlie intensely deformed metabasalt of the Metchosin Formation

south of the mapped trace of the Leech River fault.

This implies

cessation of motion along the Leech River fault by the late Oligocene
(Muller, 1977; MacLeod and others, 1977).

North of the mapped trace of

the Leech River fault, sediments correlative with the Sooke Formation (B.
Cameron, oral canmunication to C. Suczek, 1987) further suggest that
significant motion along the Leech River fault had ceased by the late

159

Oligocene.

Ideally, to show cessation of motion along the I^ech River

fault, the Sooke Formation should depositionally overlie the fault, but
this relationship has not been observed in the field {S. Bream and C.
Suczek, oral communication, 1987).
The Leech River fault may be coplanar with the sul^narine Tofino fault
(Brandon, 1985a), v^ich is thought to be an east-dipping thrust fault
juxtaposing the basaltic Pronnetheus Volcanics against the Pacific Rim
conplex of western Vancouver Island (Yorath and others, 1985b).

The

Prometheus Volcanics (Shouldice, 1971; Tiffin and others, 1972) have been
correlated with the Metchosin and Crescent Formations (MacLeod and others,
1977; Yorath, 1980).

Brandon (1985a) cited unpublished data that indicate

that the Prometheus Volcanics are geochemically and petrographically
correlative with the Metchosin and Crescent Formations.

However, all thhat

is known about the age of the Prcxnetheus Volcanics is that they
unconformably underlie Miocene sediments (Ifacleod and others, 1977;
Roddick and others, 1979; Yorath, 1980).
Sporadically exposed in southern Vancouver Island and separated from
WTangellia by thrust and high-angle faults are the metamorphosed mudstone,
graywacke, ribbon chert, tuff, and basalt (?) of the Upper Jurassic to
Cretaceous Pandora Peak unit of Rusmore and Cowan (1985).

The Pandora

Peak unit is characterized by pre-lithification deformation and Late
Cretaceous high-pressure low^temperature metamorphism, and is thought to
be correlative to the Pacific Rim Ccxiiplex (Rusmore and Cowan, 1985).
Along the west coast of Vancouver Island, the Pacific Rim ccanplex is
a high-pressure low^temperatiire metamorphic terrane consisting of an Upper
Triassic calc-alkaline arc sequence (Ucluth Volcanics) depositionally
overlain by a Late Cretaceous melange (Brandon, 1985a; 1985b).
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Muller

(1977) proposed that the Pacific Rim complex represents a late Mesozoic
subduction sequence, but Brandon (1985a; 1985b) argued that the Pacific
Rim complex melange is the result of mass-movement processes in
unlithified sediments rather than accretionary processes.

The Pacific Rim

corrplex is juxtaposed against Wrangellia to the east by the West Coast
fault, which has been interpreted as a right-lateral strike-slip fault by
Brandon (1985a).

Correlative late Paleocene to early Eocene intermediate

to silicic calc-alkaline intrusives and volcanics on both sides of the
West Coast fault probably post-date major motion along the fault (Brandon,
1985a).

MacLeod and others (1977) suggested that the West Coast fault is

the continuation of the San Juan fault.
North of the Leech River caiplex and Pandora Peak unit and east of
the Pacific Rim conplex on Vancouver Island, most of the exposures consist
of Paleozoic and Mesozoic volcanic, plutonic, sedimentary and metamorphic
rocks of Wrangellia.

Wrangellia was one of the first Cordilleran terranes

to be recognized as allochthonous, both by geologic (Jones and others,
1977) and paleomagnetic (Yole and Irving, 1980) means.

On Vancouver

Island, Wrangellia consists predominantly of, from structural bottom to
top, an upper Paleozoic arc assemblage (Sicker Group), Triassic basalt and
overlying sediments and limestone (Vancouver Group), and a Jurassic arc
assemblage (Bonanza Group)

(Jones and others, 1977; Muller, 1977).

Exposed along the east coast of Vancouver Island and on the Gulf
Islands is the Upper Cretaceous Nanaimo Group.

The Nanaimo Group is

composed of nonmarine, marginal marine, and deep marine sediments, with
marine potions exhibiting cyclical deep and shallow marine facies (Pacht,
1984).

Pacht (1984) stated that sediment dispersal patterns and

petrograEiiy indicate that the Nanaimo Group is derived from Wrangellia,
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the Coast Plutonic Conplex, the San Juan Islands, and the North Cascades,
and suggested that these terranes were juxtaposed and shedding sediments
by the Late Cretaceous.

Brandon and Cowan (1985) and Brandon and others

On press) have suggested that the Nanaimo Group was deposited In a
foreland basin, depressed in response to the encroaching thrust system of
the San Juan Islands and Northwest Cascades (see telow).

Pacht (1984)

argued that the Nanaimo Group was deposited in a pull-apart basin, and he
repeatedly pointed out the presence of a mid-basin horst which was a
aource for sediments and affected dispersal patterns during the early
history of the basin.
Northeast of Siletzia is the Upper Jurassic to Oligocene Coast
Plutonic complex.

The Coast Plutonic Complex Includes greenschist to

granulite facies gneissic metavolcanic and metasedimentary rocks of
probable Precasbrian to early Tertiary protolithic ages set in a matrix of
calc-alkaline plutonic rocks (Roddick, 1983).

Plutonic activity reached

its height in the Middle Cretaceous (Armstroi^, 1985), with the primary
Plutonic rock being quartz diorite, along with tonalite, diorite,
granodlorite, and quartz monzodiorite, and minor gabhro and granite
(Roddick, 1983).

Based primarily on the presence of high-grade

metamorphic rocks, and on the fact that the Coast Plutonic Complex
straddles the boundary between their terranes I and II, Merger and others
(1982) theorized that the coast Plutonic Complex is in part the result of
the collision of Wrangellia with North America.
In the San Juan Islands, the Late Cretaceous San Juan thrust system
comprises a structural assemblage of Paleozoic to middle Cretaceous
oceanic terranes (Danner, 1966; Whetten and others, 1978; Brown and
others, 1979).

Brandon and others (in press) proposed that the San Juan

162

Islands conprise a stacked sequence of discrete thrust-bounded terranes
v^ch underwent hii^-pressure low^teirperature metanorphism as a single
unit due to thrust related burial in the Late Cretaceous, between lOOma
and 83ma. In the case of several of the terranes, low-grade metamorphism
overprints earlier higher grade metamorphism.

The description of

terranes, structures, and newly named units briefly

introduced below are

those of Brandon and others (in press), except for the Fidalgo Igneous
COTiplex, which is of Brown and others (1979).
The structurally highest unit in the San Juan thrust systan is the
Decatur terrane, consisting of the Fidalgo Igneous complex and the Lummi
Formation.

The Jurassic Fidalgo Igneous corplex comprises ultramafic and

mafic rocks cut by tonalite dikes vhich are cogenetic with overlying
splitized andesite and dacite, and pillow basalt with interbedded ribbon
chert, and has been interpreted as an island arc built on oceanic or
marginal basin crust.

The Jura-Cretaceous Lummi Formation overlies the

Fidalgo Igneous complex, and consists of turbidites, mudstone, and
conglomerate.
The Lopez Structural corplex is an imbricate zone separating the
overlying Decatur terrane from the underlying Constitution Formation.

The

Lopez Structural complex contains lenticular fault slices of the Decatur
terrane, the Constitution Formation, and possibly the Turtleback terrane
(see below), along with middle Cretaceoias basalt vhich cannot be related
to San Juan Island units.
Structurally underlying the Lopez Structural corplex are the
volcaniclastic sandstone, mudstone, ribbon chert, and minor sluirp blocks
(?) of pillow basalt of the Jura-Cretaceous Constitution Formation.

The

Constitution Formation is thought to be derived primarily from a North
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American volcanic arc terrane, with contributions from the Garrison Schist
and the Vedder complex or Deadman Bay terranes (see below).
The Rosario thrust fault structurally separates the Constitution
Formation from the underlying Deadman Bay terrane.

Within the Rosario

thrust is the Garrison terrane, comprising a discontinuous sheet of mafic
schist and minor quartz-mica schist metamorphosed to the greenschist
facies in the Permian to Late Triassic, v^ich has been interpreted as
ocean-floor basalt and ribbon chert.
Beneath the Rosario thrust fault is the Deadman Bay terrane, which
consists of the Deadman Bay Volcanics and the Orcas Chert.

The Early

Permian to Late Triassic Deadman Bay Volcanics comprises pillow basalt and
pillcw breccia with minor interbeds of chert and limestone, v^ich contains
Tethyan fusulinids.

The Triassic to Early Jurassic Orcas Chert includes

ribbon chert with minor pillow basalt, basaltic tuff, mudstone, and
limestone pods.

The Deadman Bay terrane has been interpreted as an

oceanic island.
The Orcas thrust fault separates the Deadman Bay terrane from the
underlying Turtleback terrane, the structurally lowest exposed ijnit of the
San Juan thrust systan. The Turtleback terrane consists of the Turtleback
ccmplex and the East Sound Group.

The early Paleozoic Turtleback conplex

conprises gabbro intruded by tonalite vdiich are both cross-cut by basaltic
to silicic dikes, which are probably the thermal source for upper
greenschist to anphibolite facies metamorphism in the late Paleozoic.

The

Devonian to lower Permian East Sound Group is composed of andesitic to
pyroclastic rocks, along with minor interbedded limestones and
pillowed lava flows.

The Turtleback terrane is thought to be a‘volcanic

arc.
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Brandon and others (in press) proposed very rapid uplift of the San
Juan thrust sheets following metamorphism, on the order of two km/ny, to
provide clastic material to the Nanaimo Group and to prevent the inversion
of aragonite to calcite.
In the preferred model of Brandon and others (in press, model B) the
terranes of the San Juan Islands were accreted to the continental margin
of North America prior to the latest Jurassic, after vdiich the terranes
were independently displaced north along the continental margin via
transcurrent faults.

During northward transport, the Constitution

Formation onlapped the terranes.

Transport culminated in a Late

Cretaceous south-to-north thrusting event, vfcLch structurally imbricated
arvd metamorphosed the terranes under high-pressure low^temperature
conditions, probably due to the collision of the terranes with a reentrant
in the continental margin.
Brandon and Cowan (1985) and Cowan and Potter (1986) have proposed
that the terranes of the San Juan Islands, together with terranes of the
Northwest Cascades (see below) were amalgamated and accreted to the
continental margin of North America by the middle Cretaceous, after which
time the already accreted terranes were structurally reorganized and
thrust westward in response to east-directed underthrusting of Wrangellia
beneath North America.

This scenario is similar to model A of Brandon and

others (in press).
Northeast and east of Siletzia, the North Cascades can be divided
into four broad, fault-bounded groves: the Northwest Cascades, the Cascade
Crystalline Core, the Hozameen Grov:^), and the Methow Belt (Misch, 1966;
1977a).
The rocks of the Northwest Cascades are exposed west of the Straight
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Creek fault, an early Tertiary strike-slip fault with 90km (Vance, 1985)
to 190km (Misch, 1977b) of right-lateral displacement.

These rocks

conprise a composite terrane composed predominantly of the Shuksan Suite,
the Chilliwack Group, the Cultus Formation, the Wells Creek Volcanics, and
the Nooksack Group.

The following brief descriptions of units in the

Northwest Cascades are primarily those of Misch (1966) and Brown and
others (1987).
The Late Jurassic Shuksan Suite consists mainly of basalt (Shuksan
Greenschist) and quartzose carbonaceous pelite (Barrington Phyllite)
regionally metamorj^osed to the blueschist facies in the Early Cretaceous
(Brown, 1986).

Vance and others (1980) and Brown (1986) have suggested a

marginal basin, near-arc regional setting for the Shuksan Suite.

This

interpretation is supported by Gallagher (1986), v^o described
metaplutonic bodies and graywacke semischist of calc-alkaline affinity
that were emplaced within the Barrington Phyllite prior to metamorphism,
as indicated by a metamorphic fabric identical to the main body of the
Shuksan Suite.

Gallagher (1986) associated these calc-alkaline rocks with

the presence of a nearby island arc.
The Shuksan Suite is structurally separated from the underlying
Chilliwack Group and Cultus Formation by the Shuksan thrust fault and an
associated imbricate zone (Misch, 1966).

The imbricate zone contains the

Twin Sisters and Goat Mountain dunite bodies of unknown age and fragments
of all the major pre-Tertiary units of the Northwest Cascades.

The

Chilliwack Group includes Bevonian to Permian andesitic volcanic and
associated volcaniclastic sedimentary rocks, along with minor chert and
limestone.

The Triassic Cultus Formation consists of arc-derived volcanic

and sedimentary rocks and minor limestone.
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The Cultus Formation is in

part stratigraphically overlying and in part thrust under the Chilliwack
Group (Monger, 1977; 1986; Roddick and others, 1979).

Both the Chilliwack

Group and Cultus Formation underwent prehnite-puirpellyite to blueschist
facies metamorphism follcwing the Triassic but prior to Late Cretaceous
thrusting (E. H. Brown, oral communication, 1987).

The Chilliwack Group

and Cultus Formation are interpreted as an island arc sequence.
The Chilliwack Group and Cultus Formation are structurally separated
from the underlying Wells Creek Volcanics and Nooksack Group by the Church
Mountain thrust fault.

The Middle Jurassic Wells Creek Volcanics are

composed of submarine andesitic to dacitic flows and tuffs which
interfinger with and underlie the Early Jurassic to Early Cretaceous
volcaniclastic sediments of the NooJcsack Group.

Both the Wells Creek

Volcanics and Nooksack Group have undergone prehnite-pumpellyite facies
metamorphism following the Early Cretaceous but prior to the Late
Cretaceous thrusting (E. H. Brown, oral communication, 1987).

The Wells

Creek Volcanics and Nooksack Groip> are interpreted to be a volcanic arc
sequence.
Units of lesser volume in the Northwest Cascades include: 1) the
Yellcw Aster Corrplex, consisting of gneissic Precambrian to Ordovician (?)
crystalline fragments of sialic affinity which underwent Silurian
amphibolite facies metamorphism, and early to middle Paleozoic calcalkaline intrusive and volcanic rocks, 2) the Vedder Complex, vhich
includes metabasalt and quartz-mica schist of unknown age metamorphosed to
the amphibolite facies in the Permian, 3) the Baker Lake Blueschist,
conprising metabasalt and minor marble and meta ribbon-chert, with
probable Early Cretaceous blueschist facies metamorphism, 4) the Elbcw
Lake Formation, comprising a late Paleozoic to Early Mesozoic melange of
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punpellyite to blueschist facies ribbon-chert, volcaniclastic sediments
and rare limestone, and 5) the undated Deer Park metavolcanic unit,
consisting of blueschist facies, arc-derived andesitic to dacitic
pyroclastic rocks and diabasic dikes.

The Deer Park metavolcanic unit

cornprises a small thrust sheet structurally above the Shuksan Suite and is
therefore the highest structural unit in the Northwest Cascades (Brown,
1987).
Brown (1987) suggested that variable protolith ages, metamorphic
ages, and metamorphic grades require that most units of the northwest
Casades were originally unrelated, disparate terranes.

Misch (1966)

proposed that motion along both high-angle and low^angle faults, including
the Shuksan thrust and Church Mountain thrust, juxtaposed and imbricated
rocks of the Northwest Cascades following the variable metamorphism of the
units.

Armstrong and Brown (unpublished data, cited in Brcwn, 1987)

concluded from vhole-rock dating of mylonite in the fault zones that
j\jxtaposition and imbrication of the units in the Northwest Cascades
culminated in the Late Cretaceous, between 94ma and 83ma.
Misch (1966) considered the high-angle faults to be root-zone thrusts
that displace units of the Northwest Cascades up and out of a root-zone
and the low-angle faults to be coeval with the high-angle faults and to
thrust units away from the root-zone from the east to the west.

Brown

(1987) agreed that at least scane of the high-angle faults are coeval with
the low-angle faults, but interpreted from stretching lineations in
mylonite within the fault zones that the high-angle faults are strike-slip
in nature (rather than root-zone thrust faults) and that both high-angle
and low-angle faults record NNW-SSE horizontal motion.
Brown (1987) proposed that the disparate units of the Northwest
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Cascades were accreted to the continental margin of North America at an
unknown latitude south of their present position by the middle Cretaceous,
that the units were tectonically mixed along right-lateral strike-slip
faults during northward displacement along the continental margin, and
that final juxtaposition occurred in the Late Cretaceous by northward
thrusting against Wrangellia and the Coast Plutonic Complex.
Between the Straight Creek fault and the Ross Lake fault is the
Cascade Crystalline Core.

The Ross Lake fault has been interpreted as a

latest Cretaceous to early Tertiary (?) strike-slip fault with 150km
(Kleinspehn, 1985) of right-lateral displacement, although Kriens (1987)
suggested that no significant displacement has occurred along the Ross
Lake Fault.

The Cascade Crystalline Core consists of schistose to

migmatitic meta-supracrustal rocks (politic schist, metagraywacke, chiefly
basaltic metavolcanic rocks, metachert, and marble) and pre-kinematic to
late-synkinematic trondhjemitic to dioritic orthogneiss (Misch, 1966).
The Cascade Crystalline Core is characterized by late Cretaceous to middle
Eocene greenschist to amphibolite facies regional metamorphism and pre- to
syn- to post-kinematic intrusive activity (Misch, 1966; Mattinson, 1972;
Babcock and Misch, 1987; Tabor and others, manuscript in preparation).
The primary units of the Cascade Crystalline Core (with the terranes
of Tabor and others [manuscript in preparation] ih parentheses) are the
Swakane Gneiss (Swakane terrane), Napeequa River schist (Mad River
terrane), Cascade River Schist (Chelan Mountains terrane), Chiwaukum
Schist (Nason terrane), Skagit Gneiss, and the Tonga Formation.

Pre-

kinematic plutons consist of the Marblemount-Dumbell Mountain belt.
Synkinematic to late-synkinematic plutons intrude all the supracrustal
units and have possible emplacement depths of 3km to 25km (Babcock and
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Misch, 1987).
Although the ages and relationships among rock units are only roughly
constrained at this time, the gross geologic and tectonic history of the
various parts of the Cascade Crystalline Core is as follows (summarized
and simplified from Misch, 1966; Babcock and Misch, 1987; Tabor and
others, manuscript in preparation); 1) deposition of sedimentary (?) or
dacitic (?) Swakane Gneiss protolith in the late Proterozoic (?), 2)
deposition of the primarily mafic volcanic and plutonic rocks and chert
rich Napeequa River schist protolith in the late Paleozoic (?), 3)
intrusion of the dioritic Marblemount-Dumbell Mountain belt protolith in
the Late Triassic which probably acts as basement for deposition of the
pelitic and graywacke protolith of the Cascade River Schist in the latest
Triassic, and deposition of the primarily pelitic protolith of the
Chiwaukum Schist in the latest Triassic, 4) eruption and deposition of the
basaltic and pelitic protolith of the Tonga Formation in the Late
Jurassic, 5) blueschist facies metamorphism of the Tonga Formation in the
Early Cretaceous, 6) fault juxtaposition of all units following the Early
Cretaceous accarpanied by deformation and greenschist to amphibolite
facies regional metamorphism, in conjunction with synkinenatic and latesynkinematic intrusive activity.
As a working model, S. Babcock (oral communication, 1987; Babcock and
Misch, 1987) prefers a complex arc/marginal basin setting for the Cascade
Crystalline Core protoliths, perhaps similar to the present-day Phillipine
Archipelago.

Babcock and Misch (1987) suggested that, relative to North

America, the units of the Cascade Crystalline Core were at the latitude of
Baja California by the beginning of the Late Cretaceous, and accepted as a
working model the previously proposed theory that metamorphism.

170

deformation, and concurrent plutonism was related to the arrival of
Wrangellia (Davis and others, 1978).
East of the Ross Lake Fault is the Methcw Basin and Hozameen Group.
The Permian to Middle Jurassic Hozameen Group includes metamorphosed and
dismembered basalt, chert, argillite, ultramafic rock, and minor limestone
(Misch, 1966; Monger, 1977; Monger and others, 1982).

The Hozameen Group

is ernplaced over Methow Basin rocks along the Jack Mountain thrust and is
juxtaposed with the Cascade Crystalline Core by the Ross Lake fault.

The

Methcw Basin includes an^Jhibolite facies schist and greenschist facies
orthogneiss (metamorphic facies inferred from mineral assemblages reported
by Barksdale, 1975) of probable pre-Labe Jurassic protolithic age overlain
Late Jurassic to early Tertiary marine and nonmarine metasedimentary
and sedimentary rocks and lesser basaltic to andesitic volcanic rocks
(Barksdale, 1975).

Also present within the Methow Basin are primarily

<^oritic stocks and plutons of middle to Late Cretaceous or unknown age,
scxne of which are gneissic and metamor0iosed to the greenschist facies
(metamorfiiic facies inferred fran mineral assemblages reported by
Barksdale, 1975).
During the early depositional history of the basin, sediments were
derived from a magmatic arc source to the east.

In the middle Cretaceous

the basin began to receive sediments fron a chert-rich source to the west
(Tennyson and Cole, 1978; Kleinspehn, 1985; Trexler and Bourgeouis, 1985),
vAiich is thought to be associated with the arrival or uplift of an oceanic
terrane to the west.

Tennyson and Cole (1978) interpreted the Methow

Basin to be in a fore-arc setting in the Early Cretaceous, and in a reararc setting in the Late Cretaceous.

Trexler and Bourgeouis (1985)

proposed that the Methow Basin developed in a pull-apart basin in the Late
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Cretaceoxas.
South of Snoqualmie Pass, Siletzia is bounded to the east prinarily
hy the Vfestem Cascade Group of the Cascade Range.

The Western Cascade

Group is dominated by calc-alkaline pyroclastics and lava flows,
consisting chiefly of andesite, rhyodacite, and lesser basalt (Hammond,
1979).

Initiation of igneous activity in the Cascade Range was during the

middle Eocene (Hammond, 1979; Frizzell and others, 1979) to early
Oligocene (Vance and others, manuscript in preparation).
An inlier of pre-Tertiary rocks, including the Russell Ranch
Formation and other pre-Tertiary rocks vdiich may or may not be equivalent
to the Russell Ranch Formation, unconformably underlies and in places is
in fault contact with volcanic rocks of the Western Cascade Group in the
Rimrock Lake area, southeast of Mt. Rainiar (Ellingsen, 1972; Swanson,
1978; Clayton, 1983; Miller, 1985b; J. Shultz, thesis in progress).

The

Russell Ranch Formation comprises argillite, graywacke, and greenstone
with lesser amounts of chert and metatuff.
Formation is poorly constrained.

The age of the Russell Ranch

Paleontologic evidence cited in

Ellingsen (1972) gives a Late Paleozoic, probably Permian age fran fossils
in limestone talus blocks of unknown origin.

Miller (1985b) stated that

the limestone talus blocks of Ellingsen (1972) may have been derived fran
an olistrosomal boulder breccia within the Russell Ranch Formation and
cited paleontologic evidence for a probable Jurassic or Cretaceous age for
radiolarian chert within the Russell Ranch Formation.

Considering their

significantly older age and possible olistrosomal origin, the limestone
talus blocks may be exotic to the bulk of the Russell Ranch Formation, or
the Russell Ranch Formation may consist of two xanits as suggested by
Miller (1985b).
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Also present within the Rimrock Lake pre—Tertiary inlier is a
tectonic lens of amphibolite metamorj^osed in the Late Jurassic
(Mattinson, 1972b) and gabbroic to tonalitic plutonic and metaplutonic
rocks of unknown age.

Cowan and Potter (1986) and Brown (1987) have

tentatively correlated rocks of the Rimrock Lake area with rocks of the
San Juan Islands and Northwest Cascades.
Near Rimrock Lake in the Burnt Mountain area, andesine-garnet-quartz
schist occurs as xenoliths in dikes cutting Oligocene and Miocene volcanic
rocks of the Western Casade Group (Swanson, 1978; J. Shultz, oral
communication, 1987).

An inherited Precambrian zircon conponent in

Western Cascade group volcanic rocks near Mt. Rainier suggests the
presence of silicic crustal rocks at depth in this region (Vance and
others, manuscript in preparation).

The presence of the Russell Ranch

Formation and other pre-Tertiary rocks in the Rimrock Lake area, andesine93^^st'^;<juartz schist xenoliths, and a Precambrian zircon ccxnponent in
Western Cascade Group volcanic rocks suggest that the Cascade Range, at
least in south-central Washington, is underlain by a basement of
continental affinity, possibly previously accreted terranes.
To the south, Siletzia is bounded by several Middle Jurassic bo Early
Cretaceous terranes of the Coastal Mesozoic belt and Klamath Mountains.
The terrane names and brief decriptions below are those of Blake and
others (1985).

Terranes bounding the southern and southeastern parts of

Siletzia are the Elk subterrane of the Western Klamath terrane, and the
Sixes River, Yolla Bolly, and Snow Camp terranes.
The Middle to Upper Jurassic Western Klamath terrane probably
consists of a disrupted island arc-marginal basin sequence.

The Elk

subterrane comprises metasedimentary and minor metavolcanic rocks (Galice
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Formation) metamorpiiosed to the prehnite-pumpellyite and lowest
red
greenschist facies in the Late Jurassic, overlain by
sediments.

JxMer

Cretaceous

The Jura-Cretaceous Sixes River terrane is a melange of

)e

blueschist and eclogite facies knockers set in a zeolite facies sandstone
matrix.

The Upper Jurassic to Lower Cretaceous Yolla Bolly terrane

(Dothan Formation) comprises continental margin-derived sedimentary and
arc-derived sedimentary and calc-alkaline volcanic and shallcw intrusive
rocks metamorphosed to the prehnite-pumpellyite to Icwer blueschist
facies.

The Middle Jurassic to Lower Cretaceous Snow Camp terrane

consists of a dismembered Paleozoic (?) ophiolite and Middle Jurassic
dismembered ophiolite and andesitic to dacitic volcanic rocks overlain by
unmetamorphosed Late Jurassic to Early Cretaceous sediments.

Discxassion

Although the distinguishing characteristics of the terranes and units
discussed above have been determined, the relationship among terranes
prior to amalgamation is unkrpwn, and the nature and timing of
juxtaposition is only beginning to be understood.

However, broad

generalizations that are relevant to the origin of Siletzia, and the Blue
Mountain unit in particular, can be made.
Primarily based on a similar orogenic history. Brown (1987) and
Brandon and others (in press) have proposed that the Pacific Rim complex,
the Leech River complex, and the terranes of the San Juan Islands and
Northwest Cascades comprise a single, structurally related package of
rock.

Brown (1987) refers these rocks to the Northwest Cascades System

after Misch (1966).

Cowan and Potter (1986) and Brown (1987) include the
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Rimrock Lake pre-Tertiary inlier in this system.

Misch (1966) considered

the orogeny in the Cascade Crystalline Core and Northwest Cascades to be
coeval.

Therefore, it might be reasonable to consider that the Late

Cretaceous juxtaposition and metamoiphism of these units is related to a
single orogenic event.

With this in mind, terranes bounding Siletzia to

the north and northeast can be divided into six groups; 1) Wrangellia, 2)
the Coast Plutonic Complex, 3) the composite Cascade terrane, 4) the
Nanaimo Group, 5) the Methow Basin, and 6) the Hozameen Group.

